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A b stra c t
The main aim o f t h i s  p ro je c t  was to  develop new re a g e n ts  cap ab le  
o f exchanging selen ium  f o r  oxygen under m ild  c o n d it io n s ,  to  o b ta in  new 
ca rb o se len a ld e h y de (1) and se lo n e  (2) compounds.
R— CH — Se
Cl)
,C =Se
C2 )
Two such re a g e n ts  a re  phosphorus compounds (3) and (4)
ClIPh— P— SeICl
(3 )
CNIPh— P = S eINCSe
(4 )
P henylphosphonoseleno ic d ic h lo r id e  (3) was p rep a red  a s  a s o lu t io n  
i n  x y lene . I t  was re a c te d  w ith  ( 1 ,2 -d i th io l -3 -y l id e n e )c a rb a ld e h y d e s  
and in d o l iz in e - 3 - ca rb a ld e h y des  to  a f fo rd  1,6aX^- d i t h ia - 6 - s e le n a -  
p e n ta le n e s  (5) and in d o liz in e -3 -c a rb o s e le n a ld e h y des ( 6 ) ,  r e s p e c t­
iv e ly .  The in d o liz in e -3 -c a rb a ld e h y d e s  had p re v io u s ly  been p rep a red  
from th e  co rresp o n d in g  in d o l iz in e s ,  in  tu rn  p rep a red  from th e  approp­
r i a t e  pyrid in ium  brom ide s a l t s .
R
R^
S S  Se
( 5 )
CHSe
-  X V  1 1 1  -
Pheny lphosphonoseleno ic d i c h lo r id e  (3) was a lso  re a c te d  w ith  
s e v e ra l o th e r  carbony l compounds. R eac tio n s  w ith  ü ,^ -d im e th y l-  
formamide, 5 -p h e n y l-3 5 -1 ,2 - d i th io l - 3 - o n e ,  2 ,6 -d im e th y l-4 5 -p y ra n -4 -o n e ,
4-hydroxy p y r id in e , 1 -m e th y lp y rro lid in -2 -o n e , hexahydro -25-azep in -2~  
one, and 2 ,4 ,6 -c y c lo h e p ta tr ie n -1 -o n e  met w ith  v a r ie d  su c c e ss , and on ly
5 ,5 -d im e th y l s e l  enoformamide ( 7 ) ,  5-pheny 1 -3 5 -1 ,2 - d i t h io l  e -3 -s e lo n e
( 8 ) ,  and 2 ,6 -d im e th y l-4 5 -p y ra n -4 -se lo n e  (9) were o b ta in ed .
P h ^
S — S^ S e
C7) (8)
The p resence of a  s t a b i l i s i n g  s u b s t i tu e n t  was th e r e f o r e  r e q u ire d , 
and was in tro d u c e d  a s  a  tu n g s te n  p e n ta c a rb o ry l s p e c ie s .  P en taca rb o n ­
ylC in d o liz in e -3 -c a rb o se le n a ld e h y d e -5 s .) tu n g s te n (0 )  (10) and P en ta­
carbonyK  2 , 4 ,6  -cy  c l  o h e p ta t r ie n e -1 -  s e l  one-5fi.)tungsten(0) (11) were 
o b ta in e d  from th e  r e a c t io n  o f th e  co rresp o n d in g  carbony l compounds 
w ith  phenylphosphonoseleno ic  d ic h lo r id e  (3) in  th e  p resence o f t e t r a -  
ethylammonium io d o p e n ta c a rb o n y ltu n g s ta te (O ) .
W  CO
C H =Set. -  W(CO)g
( 10) ( 11)
The re a g e n t (4) was p re p a re d  from th e  r e a c t io n  o f c h lo ro d ip h e n y l-  
phosphine and tétram éthylam m onium  se len o c y an a te , and was r e a c te d  j j i  
s i t u  w ith  in d o l i z in e - 3 - c a r b a l  dehydes to  produce not only in d o l iz in e -
-  X I X  -
3 -ca rb o  s e le n a l  dehy des ( 6 ) ,  b u t a ls o  compounds which w ere proposed  on 
th e  s tre n g th  of s p e c t r a l  and a n a l y t i c a l  ev idence a s  being  members o f  
th e  novel 3 - ( in d o l iz in -3 -y l ) -2 ,5 -d ih y d ro -2 - s e le n o fo rm y l-1 ,2 ,4 - s e le n a -  
d ia z o le -5 -s e lo n e  (12) system .
R
( 12)
-  X X  -
Forew ord
The aim of th e  work d e sc r ib e d  i n  t h i s  t h e s i s  was to  develop new 
re a g e n ts  fo r  e f f e c t in g  th e  exchange of selenium  fo r  oxygen under m ild  
c o n d it io n s ,  i n  o rd e r  to  form a  s e l  one o r carbo s e l  en a l dehy de fu n c tio n , 
o r to  i n s e r t  selenium  in to  a  h e te ro a ro m a tic  r in g  s t r u c tu r e .  I t  was 
proposed  i n i t i a l l y  t h a t  phosphine s e le n id e  compounds be r e a c te d  w ith  
ca rb o n y l, o r  masked c a rb o n y l, g roups to  ach iev e  t h i s  end. S ince i t  
was p o s tu la te d  t h a t  t h i s  exchange m ight be b rought about in  a r e a c t io n  
in v o lv in g  a f o u r - c e n t re  q y c lio  in te rm e d ia te  s im ila r  to  th a t  i n  th e  
W itt ig  r e a c t io n ,  a  b r i e f  d is c u s s io n  o f th e  W ittig  r e a c t io n  i s  
a p p ro p r ia te .
The W ittig  r e a c t io n  i s  a  c o n d e n s a tio n /e lim in a tio n  r e a c t io n
betw een a  phosphonium y l id e  (1) and a  compound (2) c o n ta in in g  an
a ld e h y d ic  o r k e to n ic  fu n c t io n .  The p ro d u c ts  a re  an a lkene  ( 3 ) ,  and a
1—11phosphine oxide ( 4 ) .  The r e a c t io n  h as  been e x te n s iv e ly  review ed ” ,
and th e  g ro u n d -s ta te  of th e  phosphonium y l id e  i s  known to  have a 
c o n s id e ra b le  c o n t r ib u t io n  from th e  charged s t r u c tu r e  ( 5 ) .
i o ....iTT-w + —-In R R C O 1 2 3 4 _RgP=CRR RgP -C R R  ------ ^ >  R R C = C R R  RgP= 0
(1) C5) (3) (4)
In  th e  accep ted  mechanism o f th e  W ittig  r e a c t io n ,  th e  e l e c t r o -  
p h i l i c  carbonyl carbon atom undergoes a t ta c k  by th e  n u c le o p h il ic  y l id e  
carbon atom to  form a b e t a i  ne in te rm e d ia te  ( 6 ) .  T h is  in te rm e d ia te  may 
th e n  g iv e  r i s e  to  th e  exp ec ted  a lk en e  ( 3 ) ,  and phosphine oxide ( 4 ) ,  
p ro d u c ts  v ia  a  c y c l ic ,  f o u r - c e n t r e  t r a n s i t i o n  s t a t e  ( 7 ) .
-  X X 1 -
+p
(5)
•Cr'
(6)
R„P-r-CRÎ R^
(7)
p? r^ c = cr V  +
( 3 )
R ^ P = 0
( 4 )
I t  i s  now g e n e ra lly  accep ted  t h a t  th e  fo rm atio n  of th e  phos- 
phorus-oxygen bond i n  th e  phosphine oxide (4) p re s e n ts  a most fav o u r­
a b le  c o n tr ib u t io n  to  th e  energy p r o f i l e .  I t  i s  t h i s  e n e r g e t ic a l ly  
fa v o u ra b le  d r iv in g - fo rc e  t h a t  i s  u t i l i s e d  i n  th e  exchange r e a c t io n s  
d e sc r ib e d  in  t h i s  t h e s i s .
PART A 
INTRODUCTION
1 ^
1. Tlie. Intr_QdUQti.Q.n. .Qf Selenium , In to  O rganic ConiD_ound.3
S ince th e  work d e sc r ib e d  i n  th i s  th e s i s  concerns th e  exchange o f 
selen ium  fo r  oxygen in  o rg a n ic  compounds, and th e  re a g e n ts  t h a t  w i l l  
b rin g  about t h i s  under m ild  c o n d itio n s ,  i t  i s  a p p ro p r ia te  to  d is c u s s  
th e  re a g e n ts  and methods t h a t  have been p re v io u s ly  used in  o rd e r  to  
ach iev e  th e  i n s e r t io n  of se len ium  in to  o rg an ic  m o lecu le s. The 
advan tages and d isad v an tag es  o f th e  v a r io u s  methods w i l l  be e x p la in e d  
where a p p ro p r ia te ,  so th a t  i t  may be a p p re c ia te d  th a t  th e re  i s  scope 
fo r  new re a g e n ts  th a t  w i l l  b r in g  abou t t h i s  in t ro d u c t io n  of se len ium  
under m ild e r and more advan tageous c o n d itio n s , th e reb y  m in im ising  th e  
lo s s  of any of th e  p ro d u c ts  due to  decom position .
The f i e l d  of organoselen ium  ch em is try , a lth o u g h  expanding, i s  
s t i l l  r e l a t i v e l y  sm a ll, and organoselen ium  compounds a re  r e l a t i v e l y  
sc a rc e  compared w ith  th e  number o f analogous oxygen, or even s u lp h u r , 
compounds. However, th e  p re p a ra t io n ,  and to  a l e s s e r  e x te n t 
r e a c t io n s ,  o f organoselen ium  compounds have been review ed^^ One
p o in t th a t  emerges i s  th a t  th e  sm a lle r  w eigh t compounds, e s p e c ia l ly  
h e te ro c y c l ic  compounds, o f t e n  p o sse ss  r e l a t i v e ly  low therm al s t a b i l i t y  
when compared w ith  t h e i r  su lp h u r and oxygen analogues, and a re  more 
r e a c t iv e  tow ards l i g h t  and oxygen. This makes t h e i r  p re p a ra t io n  
co n s id e ra b ly  l e s s  s t r a i g h t  fo rw ard , and com para tiv e ly  m ild  and o f te n  
darkened , o c c a s io n a lly  even i n e r t ,  r e a c t io n  c o n d itio n s  a re  n e c e ssa ry . 
Many of th e  re a g e n ts  th a t  have p re v io u s ly  been used to  i n s e r t  se len ium  
in to  o rg an ic  compounds, and w hich a re  r e f e r r e d  to  in  th e  fo llo w in g  
d is c u s s io n , employ r e a c t io n  c o n d itio n s  th a t  p rec lu d e  th e se  
req u ire m en ts .
The re a g e n ts  t h a t  a re  d is c u s se d  h e re  may be c l a s s i f i e d  as being
-  2 -
e i t h e r  in o rg a n ic  o r o rg a n ic , th e  form er being more p re v a le n t.
-  3 -
A. Inor^ao lo . R eagents 
1) Elgmg.n taL.,
a) TJjgrflLal. Reaot l m s.
R eac tions of t h i s  ty p e , h av ing  been developed in  th e  l a t e  19 th  
C entury, r e p re s e n t  one of th e  o ld e s t  methods of in tro d u c in g  selen ium  
in to  o rg an ic  compounds. Selenium  i s  commonly o b ta in ed  a s  a g rey  
powder, a lthough  due to  th e  r a th e r  in s o lu b le  n a tu re  of se len iu m , th e  
use of th e  more f in e ly  d iv id e d  ’ r e d '  a l lo t ro p e  i s  p r e f e r a b le .  
U n fo rtu n a te ly , th e  ’ r e d ’ a l lo t r o p e  ten d s  to  change in to  th e  more 
s ta b le  grey  form under th e  in f lu e n c e  of h e a t and l i g h t .  Selenium  
powder may a ls o  be con tam ina ted  w ith  t r a c e s  of su lp h u r or te l lu r iu m , 
and th e se  im p u r i t ie s  can be v ery  d i f f i c u l t  to  remove, e s p e c ia l ly  once 
p re se n t in  o rg a n ic  m o lecu le s . In  a d d i t io n , e lem en ta l se len ium  does 
no t always appear to  be as  r e a c t iv e  as su lp h u r in  com parable 
r e a c t io n s ,  o f te n  being  re c o v e ra b le  a f t e r  th e  r e a c t io n .  However, 
exam ples of r e a c t io n s  u t i l i s i n g  se len ium  in  o n e -s te p  p ro c e sse s  a re  
w e ll known.
One such r e a c t io n  type i s  th e  p re p a ra t io n  of a ro m a tic  mono-
22—24s e le n id e s  (1) from sym m etrica l d ia ry Isu lp h o n e s  (2)
Ar^SO^ + Se^ --------   ^  Ar^Se + SO^
( 2) ( 1 ) ■
There a re  d isad v an tag es  how ever. The f i r s t  i s  t h a t  r e l a t i v e l y  
h igh  r e a c t io n  te m p e ra tu re s , up to  300°C, a re  re q u ire d , and su lp h u r 
d io x id e  gas i s  produced as  a b y -p ro d u c t. The main d isad v an tag e  
however, i s  th a t  th e  r e a c t io n  does no t n e c e s s a r i ly  cease  w ith  th e
-  4
p re p a ra t io n  of th e  m onoselen ides. F u r th e r  selen ium  atoms may be 
in s e r t e d  to  produ 
p o ly s e le n id e s  (4)'
ce n o t on ly  th e  d is e le n id e s  ( 3 ) ,  bu t a ls o  
,23
A
(1) (3) C4)
This p roduces s e p a ra t io n  and p u r i f i c a t i o n  problem s, e s p e c ia l ly
s in c e  p o ly s e le n id e s  (4) l i b e r a t e  e lem en ta l se len ium  co m p ara tiv e ly
e a s i ly  when h ea ted  even g e n t ly ,  o r when in  c o n ta c t w ith  o x id is in g  or
red u c in g  a g e n ts , o r even in  th e  p resence  of s o lv e n ts ,  as m ight be th e
case du rin g  s e p a ra t io n .  A f u r th e r  inconven ience i s  th a t  th e se
re a c t io n s  a re  of r e l a t i v e l y  l im i te d  u se , fo r  i f  unsym m etrical
25su lphones or m onoselenides a re  used  , th e n  th e  number of p ro d u c ts  
in c re a s e s ,  making s e p a ra t io n  even more d i f f i c u l t .
D if f e re n t  problem s a re  en co u n te red  when d ia r y l  mercury compounds 
(5) a re  r e a c te d  w ith  se len iu m , a lth o u g h  s in g le  p ro d u c ts  a re  o b ta in e d  
in  each case . When te m p e ra tu re s  in  ex cess  of 200°C a re  used , d ia r y l  
s e le n id e s  (1) a re  ob ta in ed ^^” ^ ^ .
Ar^Hg + Se^ --------= ----- ^  Ar^Se  ^ Hg
(5) Cl)
Although th e se  r e a c t io n s  a f fo rd  e x c e l le n t  y ie ld s ,  th e  p resen ce  of 
m ercury, and m ercury compounds i s  u n d e s ira b le .  However, p ro v id ed  th e  
d ia r y l  m ercury compounds (5) a r e  a v a i la b le ,  t h i s  p rocedure i s  very  
u s e fu l .  Of r a th e r  more l im i te d  u se , a re  th e  r e a c t io n s  to  produce 
d is e le n id e s  from mercury compounds. When th e  mercury s a l t s  of t r i -
-  5 -
f lu o r o a c e t io  a c id  ( 6 ) and d i f l u o r o a c e t i c  a c id  ( 7 ) a re  h ea ted  in  th e  
p resen ce  o f se len ium , h e x a f lu o ro d im e th y ld ise le n id e  ( 8 )^^ and t e t r a -
91f lu o ro d im e th y ld is e le n id e  ( 9 ) a r e  a ffo rd e d  r e s p e c t iv e ly
ASe.
C8 )
(CHFgCOg)gHg + Se,
C7)
A (CHF^l^Se^
(9)
Selenium  may a ls o  r e a c t  w ith  c e r t a in  compounds so as to  be
p re s e n t in  th e  r in g  o f  a c y c l ic  p ro d u c t. I t  w i l l  i n s e r t  in to  th e
th ia c y c lo b u ta n e  r in g  o f compound ( 10) to  form th e  l - t h i a - 2- s e le n a -
32cyclo p en tan e  r in g  o f compound (11) in  good y ie ld .  However, 
po tassium  cyanide i s  r e q u ire d  a s  a c a t a ly s t ,  and v ig o ro u s  r e a c t io n  
c o n d itio n s  a re  n e c e ssa ry .
( 10)
Se. AKCN
( 11)
C F^C I=C ]:C F^ +
(12)
Se. A CF CFCF,
(13)
Selenium  w i l l  a lso  r e a c t  w ith  2 ,3 “ d iio d o h ex a flu o ro b u t-2 ~ en e  (12)
33to  form t e t r a k i s ( t r i f l u o r o m e t h y l ) - 1 ,4 -d i s e le n in  (13) > a lth o u g h  in
-  6 -
poor y ie ld .
In  c o n c lu s io n , the rm al r e a c t io n s  in c o rp o ra tin g  selen ium  in to  
o rg an ic  compounds a re  co m p lica ted  by h an d lin g  and p u r i f i c a t i o n  
problem s, and r e q u ir e  r e l a t i v e l y  d r a s t i c  r e a c t io n  te m p e ra tu re s .
b) A d d itio n  Under M ild C o n d itio n s
Two main ty p e s  of compound a re  observed to  undergo r e a c t io n  w ith  
e lem en ta l selen ium  under m ild  c o n d itio n s  to  a f fo rd  se le n iu m -c o n ta in in g  
p ro d u c ts  in  e x c e l le n t  y ie ld s .  I s o n i t r i l e s  (14) r e a c t  w ith  se len ium  in  
s o lu t io n  a t  te m p era tu re s  l e s s  th a n  lOO^C to  g iv e  is o se le n o c y a n a te s
(15)3^^37, and t r i v a l e n t  phosphorus d e r iv a t iv e s  (16) a f fo rd  
s u b s t i tu te d  phosphine s e le n id e s  (17)^^*
ARNC + Se  ^ -------^ R N = C = S e
(14) (15)
A
(16) (17)
Both r e a c t io n s  a re  g e n e ra l ,  and a re  of g r e a t  im portance in  th e  
p re p a ra t io n  o f s e le n o u re a s , se le n o se m ic a rb a z id e s  and organoselenium  
h e te ro c y c le s ,  and of phosphine s e le n id e s  and se len o p h o sp h a tes  
r e s p e c t iv e ly .
c) A dd ition  To O rganom etalliG , R eagents
O rganom eta llic  re a g e n ts  t h a t  p o sse ss  a p o te n t ia l  c a rb a n io n  w i l l  
r e a c t  v ig o ro u s ly  w ith  dry  se len ium  in  r e l a t i v e l y  p o la r  s o lv e n ts  a t
-  7 -
roan  tem p era tu re  to  form m eta l s a l t s  of th e  co rrespond ing  s e le n o ls .  
S ince a l i p h a t i c  selen ium  d e r iv a t iv e s  may o f te n  be o b ta in ed  d i r e c t l y  
from th e  co rresp o n d in g  h a l id e s  by n u c le o p h il ic  s u b s t i tu t io n ,  th e  use 
o f G rignard  re a g e n ts  (18) i s  no rm ally  r e s t r i c t e d  to  r e a c t io n s  
a f fo rd in g  a ro m a tic  selen ium  d e r iv a t iv e s  such as s e le n o ls  (19)^^**^^; 
c f .  S e c tio n  1 .B .2 ) .
HOR— MgBr + Se^ ------------ ^  R— Se—MgBr ------- ^ ^  R— SeH
(18) (19)
In  a conven ien t g e n e ra l r o u te ,  o rg an o lith iu m  re a g e n ts  (20) r e a c t
w ith  selen ium  to  g iv e  s e le n o ls  ( 19) o r s e le n o l d e r iv a t iv e s  (21 ) v ia
44-46th e  l i th iu m  s a l t s  (2 2 ) o f th e  s e le n o ls
R—SeH 
(19)
R— Li + Se^
(20)
R—Sc- r'
(21)
A lk a li-m e ta l a c e ty l id e s  (23) r e a c t  w ith  selen ium  in  l i q u id  
ammonia to  form a l k a l i  a lk y n y l s e le n id e s  (24)^^ .
R*XRC=CNa + Se  ^ ---------- ^  RC^CSeNa---------------— ^  RC=CSeR
(23) (z4) (25)
These s e le n id e s  (24) a re  th e n  u s u a lly  a lk y la te d  to  a c e ty le n ic
-  8 .
s e le n id e s  (25) due to  th e  i n s t a b i l i t y  of th e  a lk y n y l s e le n id e s  (2 4 ) .
These r e a c t io n s  take  p la c e  v ig o ro u s ly  a t  am bient o r even low er 
te m p era tu re s , and dry  re a g e n ts  a re  n e c e ssa ry . The u s e fu ln e s s  of 
elem en ta l selenium  to  b rin g  ab o u t th e  in tro d u c t io n  of selenium  in to  
o rg an ic  compounds i s  th e re f o r e  v a r i a b le ,  and i s  o f te n  accom panied by 
h an d lin g  problem s.
2) Hydrogen S e le n id e  And A lk a l i  S e le n id e s
Hydrogen s e le n id e  i s  a c o lo u r le s s  gas a t  roan te m p e ra tu re , hav ing  
a p e n e t ra t in g  d is a g re e a b le  odour, and i s  ex trem ely  to x ic .  I t  i s  
r e a d i ly  o x id ise d  i n  a i r  and m ust th e re fo re  be handled  in  an i n e r t  
a tm osphere. I t  i s  a ls o  q u i te  s o lu b le  in  w a te r, g iv in g  r i s e  to  a 
r e l a t i v e l y  s tro n g  a c id , and i s  s o lu b le  in  most o rg an ic  s o lv e n ts .  I t  
may be p rep a red  d i r e c t l y  f ro n  i t s  elem en ts a t  r e l a t i v e l y  h igh  
te m p e ra tu re s , o r e ls e  from th e  h y d ro ly s is  of aluminium s e le n id e  in  
w a ter or aqueous a c id .
a) A dd ition  To M u ltip le  Bonds
A number of se le n iu m -c o n ta in in g  compounds have been formed by th e  
a d d i t io n  of hydrogen s e le n id e  to  s u i ta b ly  a c t iv a te d  carb o n -ca rb o n  
double bonds^^’^ ^ , bu t th e se  a re  no t very  common.
R C S C — C = C R ' + HgSe - — — — ^ XIR Se R
(27) (26)
One such example i s  th e  a p p a re n tly  g e n e ra l ro u te  to  se lenophenes
-  9 -
GO(26) from G onjugated d ia c e ty le n e s  (27) .
Hydrogen s e le n id e  w i l l  a ls o  r e a c t  w ith  c a rb o n -n itro g e n  double and
t r i p l e  bonds. The r e a c t io n  w i th  im ino fu n c tio n s  under m ild  c o n d it io n s
w i l l  produce se le n o c a rb o n y l g ro u p s , a s  i n  th e  r e a c t io n  of th e  im ino-
e s t e r  h y d ro c h lo r id e s  (28) to  g iv e  2 -s e le n o p h th a lid e  and r e la te d  
54analogues (29)
A lip h a t ic  and a r a a a t i c  ca rb o d iim id e s  (30) r e a c t  very  sm oothly 
w ith  hydrogen s e le n id e  to  a f f o r d  sy m m e trica lly  d is u b s t i tu te d  
se le n o u re a s  ( 31 )^ ^ ’^ ^ .
HgSe >
NH- HCI
(28) X = 0 ,S ,  Se
SeI IR N = C = N R  + H g S e -------------- ^  R H N -C — NHR
(30) (31)
S im ila r ly ,  th e  r e a c t io n  be tw een hydrogen se le n id e  and th e
c a rb o n -n itro g e n  t r i p l e  bond a p p e a rs  to  be q u i te  g e n e ra l .  A d d itio n  to
n i t r i l e s  ( 32 ) a f fo rd s  se len o am id e s  ( 33 )^^ "^^ , as dem onstra ted  by th e
r e a c t io n  of cyanamide (34) and hydrogen se le n id e  to  produce s e le n o u re a
(35)^^"*^^. A lkyl c y an a te s  (36) a f fo rd  alkoxy se len o carb am a tes  (37)
65when re a c te d  w ith  hydrogen s e le n id e
-  10 -
Se
R -C N  + H^Se  ^  R - C — NHg
C32) (33)
Se
H N —C N  + H^Se -^  H^N— C— NH^
(34) (35)
Se
R O -C N  + H^Se -^  RO— C — NH,
(36) (37)
F in a l ly ,  hydrogen s e le n id e  w i l l  r e a c t  w ith  a l ip h a t i c  carbony l 
fu n c tio n s  under a v a r ie ty  of c o n d it io n s ,  u s u a lly  r e d u c t iv e ly ,  to  form 
d is e le n id e s ^ ^ . The d i r e c t  rep lacem en t of selenium  fo r  oxygen has been 
observed when a c e ty la c e to n e  ( 38 ) i s  allow ed to  r e a c t  w ith  hydrogen 
s e le n id e  in  th e  p resence o f a c id s  to  a f fo rd  th e  co rrespond ing  
1 ,2 -d ise le n o liu m  c a t io n  (3 9 )^ ^ . T his work was l a t e r  m odified  and 
ex tended  by Jackson  to  g iv e  v a r io u s ly  s u b s t i tu te d  1 ,2 -d ise le n o liu m  
c a t io n s  w ith  v a r io u s  a s s o c ia te d  anions^
Methanolic HCI
H Se2 N iC O ,/E t I
(38)
11 -
b) D isp lacem ent R eac tio n s
A few r e a c t io n s  have been observed  where hydrogen s e le n id e  o r
a l k a l i  s e le n id e s  r e a c t  w ith  s m a l l- r in g  compounds to  e f f e c t  he teroa tom
69d isp lacem en t and r in g -o p e n in g  . The p ro d u c ts  a re  u s u a lly  e i t h e r  th e  
co rresp o n d in g  s e le n id e  o r , due to  th e  r e l a t i v e  s u s c e p t i b i l i t y  o f th e  
f i r s t - fo rm e d  s e le n o ls  to  o x id a tio n , th e  d is e le n id e .  In  a d d i t io n ,  
hydrogen s e le n id e  w i l l  r e a c t  w ith  a l ip h a t i c  h a l id e s  to  a f fo rd  
s e le n id e s ,  o r d is e le n id e s  r e s u l t i n g  from th e  o x id a tio n  of th e  f i r s t -  
formed s e le n o ls .
U sua lly  th e se  r e a c t io n s  in v o lv e  th e  s e p a ra te  g e n e ra tio n  o f 
hydrogen s e le n id e ,  bu t t h i s  i s  n o t alw ays n e c e ssa ry . D ia lk y l 
s e le n id e s  (21) and d is e le n id e s  (40) may be o b ta in ed  from th e  d i r e c t  
r e a c t io n  of selen ium  w ith  sodium in  l i q u id  ammonia to  form e i th e r  
disodium  m onoselenide (41) o r d is e le n id e  (4 2 ), depending upon th e  
s to ic h io m e try  o f th e  selen ium  and sodium employed, fo llow ed  by 
a lk y la t io n ^ ^ '^ ^ .
liq. N H , r'x  ,
Se^ + 2 Na    Na^Se    -....R— Se— R
(41) (21)
liq. N H , r'x  ,
2 Se^ + 2 Na ---------------------------Na^Se^ *----------- R— Se—Se—R
(42) (40)
Sodium hydrogen s e le n id e  i s  o f te n  employed as  an a l t e r n a t iv e  
re a g e n t to  hydrogen s e le n id e ,  and i s  o b ta in ed  by th e  v ig o ro u s  r e a c t io n
— 12 —
o f selen ium  w ith  sodium b o ro h y d rid e , in  e i th e r  e th a n o lic  o r aqueous 
72s o lu t io n s  . E th a n o lic  sodium hydrogen se le n id e  may be used f o r  th e
s y n th e s is  o f s e le n id e s ,  s e le n o u re a s  and s e le n o ls ,  w h ils t  aqueous
sodium hydrogen s e le n id e  i s  a  co n v en ien t re a g e n t f o r  form ing th e
se len o c a rb o n y l fu n c tio n .
Thus, pyrylium  f lu o ro s u lp h o n a te s  (43) r e a c t  w ith  aqueous sodium
73hydrogen s e le n id e  to  p rov id e  p y ra n -4 -se lo n e s  (44) , and th e  V ilsm e ie r
74s a l t s  (4 5 ); (4 6 ) , (47) and (48) a f fo rd  in d o l iz in e - 3- c a rb o s e le n -  
a ldehydes (4 9 ) , i n d o l i z i n e - 1-c a rb o se le n a ld e h y d e s  (5 0 ) , p y r ro lo [2 ,1 - b ] -  
th ia z o le - 5-c a rb o se le n a ld e h y d e s  (51) and p y r ro lo [2 , lT b J th ia z o le - 7-  
c a rb o se len a ld e h y d e s  (52) r e s p e c t iv e ly .
OMe
Na*" SeH"
(44]
(45]
p o ^ c i ;
Na"**SeH
CHSe
(49]
P o .c i ;
CH=NMe,
Na"^ SeH
R
R
N
R
(50]
•CHSe
R
-  13 -
p o . c i ;
C47]
Na'^SeH
CHSe
(51)
•N
p o . c i ;
R" Na'^ ’SeH'
R
(48) (52)
CHSe
F in a l ly , th e  V ilsm e ie r  s a l t s  (53) and (54) r e a c t  w ith  aqueous 
sodium hydrogen s e le n id e  to  produce th e  1 ,6 , 6 a A ^ - t r is e le n a p e n ta le n e s  
(55)^^  and th e  1 ,6 aX ^ -d ith ia ~ 6 -s e le n a p e n ta le n e  (56) r e s p e c t iv e ly ^ ^ .
Se Se'*' NMe^
C O 4-
(53)
Na^SeH
R R
R
Se Se
(55)
•Se
Ph
Ph
NMe,
CIO"4
(54)
4. tNa SeH'
Ph
Ph
S S Se
(56)
In  co n c lu sio n  th e re f o r e ,  r e a c t i o n  y ie ld s  w ith  hydrogen s e le n id e  
and a l k a l i  s e le n id e s  a re  g e n e ra l ly  s a t i s f a c to r y  to  good, bu t th e  
t o x i c i ty  of hydrogen s e le n id e  mus% always be guarded a g a in s t .
-  14 -
3) Po tassium  S ei^nocvana te  And
Potassium  se len o c y an a te  i s  one of th e  b e s t e s ta b l is h e d  re a g e n ts  
f o r  th e  in tro d u c t io n  of selen ium  in to  o rg an ic  compounds. I t  may be 
r e a d i ly  o b ta in ed  from selenium  and po tassium  cyan ide , e i t h e r  by d i r e c t  
fusion7^*^^  or in  r e f lu x in g  e th a n o l^ ^ . Although i t  i s  ve ry  hygro­
sco p ic  and slow ly  decomposes when in  c o n ta c t w ith  a  damp a c id ic  
environm ent, i t  i s  q u i t e  s ta b le  when k ep t d ry . An advantage in  i t s  
use i s  th a t  i t  i s  s o lu b le  in  s o lv e n ts  such as w a te r , a lc o h o ls ,
jSr dime thy I f  orm amide and a c e t o n i t r i l e ,  and so may be handled  e a s i l y .
a) N u c leo p h ilic  D isp lacem ent R eac tio n s
The n u c le o p h i l ic i ty  of th e  se le n o c y a n a te  an ion  tow ards a l i p h a t i c  
h a l id e s  and a ro m a tic  diazonium  s a l t s  en su re s  th e  w idesp read  use of 
t h i s  re a g e n t. The p ro g re s s  o f th e  r e a c t io n  between potassium  
se len o c y an a te  and an a l i p h a t i c  h a l id e  ( 5 7 ) in  r e f lu x in g  a lc o h o l to  
a f fo rd  an a l ip h a t i c  se le n o c y a n a te  (58) may be m onitored by th e  
fo rm a tio n  of potassium  h a l id e  (5 9 ) .  The r e a c t io n  w ith  an a r a a a t ic  
diazonium  s a l t  (60) i s  u s u a lly  c a r r ie d  ou t in  an aqueous s o lu t io n  th a t  
i s  b u ffe re d  to  pH 5 .5  o r above, and th e  re a g e n t i s  added dropw ise to  
th e  diazonium s a l t  (60) to  form th e  a ro m a tic  se len o c y an a te  (6 1 ) .  In  
t h i s  case , no t only th e  fo rm a t io n  o f potassium  h a l id e  (5 9 ) , bu t a l s o  
th e  e v o lu t io n  of n it ro g e n  gas may be used to  m on ito r th e  p ro g re ss  of 
th e  re a c t io n .
RX + K'^SeCN" -----------^  RSeCN + KX
(57) (58) (59)
-  15 -
pH ^ 5 - 5
ArN^ X” + K^SeCN"  ^  ArSeCN + KX + N,
C601 C61) C59)
Although po tassium  se le n o c y a n a te  w i l l  o f te n  produce th e  c o r re s ­
ponding o rg a n ic  se le n o c y a n a te , i t  may a ls o  produce th e  is o s e le n o -  
cy an a te , fo r  th e  se le n o c y a n a te  an io n  i s  known to  be am b iden ta te  and 
may r e a c t  a t  e i t h e r  th e  selen ium  or n itro g e n  atom.
The r e a c t io n  between tr ip h e n y lm e th y l c h lo r id e  (62) and po tassium
se len o c y an a te  was o r ig in a l ly  th o u g h t to  have produced th e  t r ip h e n y l-
79m e thyl se len o c y an a te  (63) . However, t h i s  was l a t e r  shown n o t to  be
th e  ca se . In s te a d , th e  tr ip h e n y lm e th y l iso se le n o c y a n a te  (64) had been
produced, as in d ic a te d  by in f r a - r e d  sp e c tro sc o p y , and by th e  f a c t  t h a t
re d u c t io n  w ith  l i th iu m  aluminium h y d rid e  gave £-m e thy1- t r ip h e n y l-  
80methylam ine (65) . The compound could  only  have been o b ta in ed  i f  th e
r e a c ta n t  was an is o s e le n o c y a n a te  compound, and no t a s e le n o c y a n a te .
PhgC— SeCN
PhgCC! + K'*'SeCN
C62)
(63)
PhgC— N = C = S e
(64)
PhC—N = C = S e  + LiAIH --------------- >  PhC—N3 4 3
H
•Me
(.64) [65)
Once a se le n o c y a n a te  p ro d u c t has been produced, f u r th e r  r e a c t io n
-  16
may ta k e  p la c e , as  f o r  th e  case  when H -haloam id ines  ( 6 6 ) r e a c t  w ith
po tassium  se len o c y an a te  to  g iv e  th e  3- s u b s t i t u t e d - 5-am in o -1 ,2 ,4 -
81s e le n a d ia z o le s  ( 67 )
NHProton Ki /R -C —NH NH, N
- R -< \ >  R -{
g ,  -SeCN N—SeCN X 2 N —SeI
(66) (67)
b) S le c t r o p h i l io  Sub3_ti_t_u_tion R eac tio n s
V ia D icvan o d ise len id e . AncLRelatsd Compounds
Three d e r iv a t iv e s  of po tassium  se len o c y an a te  w i l l  p a r t i c ip a t e  in
e l e c t r o p h i l i c  s u b s t i tu t io n  r e a c t io n s ;  namely selen ium  d icy an id e  (68 ) ,
d ic y a n o d ise le n id e  ( 69 ) and d ic y a n o tr is e le n id e  ( 70 ) .
Selenium  d icy an id e  ( 68 ) i s  known to  undergo r e a c t io n  w ith  t r i -
pheny lb ism uth ine ( 71 ) to  a f fo rd  p h en y lse len o cy an a te  ( 72 ) and diphenyl-
82cyanobism uthine ( 73 ) , bu t t h i s  ap p ea rs  to  be an i s o la te d  r e a c t io n ,
and hence selen ium  d ic y an id e  i s  n o t a p r a c t i c a l  re a g e n t fo r  th e  
in tro d u c t io n  of selenium  in to  o rg a n ic  compounds.
Ph^ Bi + Se (CN)g ---------------^  PhSeCN + Ph^BiCN
(71) (68 ) (72) (73)
D ic y a n o tr is e le n id e  (7 0 ) , which may be o b ta in ed  by th e  o x id a t io n
of potassium  se len o c y an a te  w ith  e i t h e r  c h lo r in e , o r w ith  n itro g e n
78d io x id e  and n i t r i c  a c id  , r e a c t s  w ith  o rg an ic  compounds, such as 
a n i l in e s  (74)^^*^^ . R eac tio n  p roceeds a t  am bient te m p era tu re  to
-  17
produce 4~ se le n o c y a n o a n ilin e 3 (7 5 ) , se len o c y an ic  a c id  (76) and 
se len ium . U n fo rtu n a te ly , se le n o c y a n ic  ac id  (76) i s  very  u n s ta b le ,  and 
r e a d i ly  decomposes to  a f fo rd  selen ium  and to x ic  hydrogen cyanide g as  
(7 7 ) . Lengthy r e a c t io n  tim es a r e  re q u ire d , and o v e r a l l  y ie ld s  a re  
poor, so th e  use of d ic y a n o tr is e le n id e  to  in tro d u c e  selen ium  i s  n o t o f 
g r e a t  p r a c t ic a l  u se .
R ^ N — + SeiCN),
(74]
3' '2
C70) (75) (76)
HSeCN
(76)
HCN +
(77)
Se
D icy an o d ise len id e  (69) i s  much more u s e fu l .  This re a g e n t i s  
p rep ared  from potassium  se le n o c y a n a te , by o x id a t io n  w ith  le a d  t e t r a ­
a c e ta te ^ ^  or w ith  bromine in  m ethanol a t  -60°C^^. The l a t t e r  i s  more 
co n v en ien t, s in c e  th e  re a g e n t may be used i n  3it_u. E le c t r o p h i l ic  
s u b s t i tu t io n  r e a c t io n s  have been e f f e c te d  fo r  many compounds u sin g  
d ic y a n o d is e le n id e . At -50°C , s u b s t i tu t e d  a n i l in e s  (74) y ie ld  th e
co rresp o n d in g  4 -s e le n o c y a n o a n il in e s  (7 5 )^^ , p y r ro le s  ( 78 ) y ie ld  th e
87co rrespond ing  3-s e le n o c y a n o p y rro le s  (7 9 ) , and in d o le s  (80) g iv e
3-s e le n o c y a n o in d o le s  (8 1 )^ ^ ’^ ^ . Y ields a re  re p o r te d  to  be g e n e ra l ly  
good, making t h i s  re a g e n t r e l a t i v e l y  u s e fu l fo r  th e  in t r o d u c t io n  o f 
selenium  in to  o rg an ic  m o lecu le s .
18 -
C.741
+ Seg(CN)g
C69) (75)
SeCN + HSeCN 
(76)
H
(78)
+ Se,(CN)2
(69)
H
(79)
SeCN
■R
HSeCN
(76)
Seg(CN),
(69)
_y%SeCN
jT + HSeCN
R
(81) (76)
In  co n c lu sio n  th e re f o r e ,  bo th  po tassium  se len o c y an a te  and 
d ic y a n o d ise le n id e  (69) a r e  u s e fu l  g e n e ra l re a g e n ts , a lth o u g h  th e  
form er i s  more e a s i ly  hand led .
4) Eh.Q.gPhoru.3.(.V)„ 8ff,l .e.ra,.dg.
Phosphorus(V) s e le n id e  ap p ea rs  to  be much l e s s  r e a c t iv e  tow ards 
o rg an ic  compounds th a n  phosphorus(V ) s u lp h id e . This ex trem ely  
in s o lu b le ,  d a rk -co lo u red  s o l id  i s  p rep ared  d i r e c t ly  from i t s  e lem en ts  
by h e a t in g  them in  a d ry , i n e r t  atm osphere in  an en c lo sed  v e s s e l^ ^ .
I t  i s  d i f f i c u l t  to  a s s e s s  th e  p u r i ty  o f th e  product due to  i t s  
amorphous and in s o lu b le  n a tu re .  Phosphorus(V) s e le n id e  i s  h y d ro ly sed
— 19 —
by a tm ospheric  m o is tu re  to  hydrogen s e le n id e  and se len ium , and l i k e  
phosphorus(V ) su lp h id e , i t  sho u ld  th e re f o r e  be s to re d  i n  a d ry , i n e r t  
a tm osphere.
a) , Wi t h Al.c.gh..9 l ,g.
S ev era l a u th o rs  have in v e s t ig a te d  th e  r e a c t io n  of phosphorus(V ) 
s e le n id e  w ith  v a r io u s  a l i p h a t i c  and a ro m a tic  a lco h o ls^^  . The 
ex pec ted  d ia lk y Id ise le n o p h o sp h o r ic  a c id s  proved to  be u n s ta b le ,  and so  
d e r iv a t iv e s  w ere u s u a lly  i s o l a t e d  a s  th e  po tassium  s a l t s  o f H ,X i^-di- 
a lk y ld ise le n o p h o sp h a te s . Side p ro d u c ts  w ere a lso  o b ta in ed  in  th e s e  
r e a c t io n s ,  h in d e rin g  i s o l a t i o n  and p u r i f i c a t i o n .
b) E s a s tia iis  With
The r e a c t io n  of phosphorus(V ) s e le n id e  w ith  l i q u id  ammonia has
been re p o r te d  to  a f fo rd  s e v e ra l  p ro d u c ts , th e  r e l a t i v e  amounts of
which depend upon th e  s to ic h io m e t r ic  q u a n t i t i e s  of th e  r e a c t a n t s ,  and
06upon th e  r e a c t io n  te m p era tu re  . R eac tio n s  of prim ary amines w ith
97t h i s  re a g e n t a ffo rd e d  v a r io u s  se len o p h o sp h o ric  amides . Due to  th e  
i n s t a b i l i t y  of th e se  compounds, r e a c t io n s  had to  be c a r r ie d  out in  
d ry , i n e r t  a tm ospheres.
c) .lLea.gti.Q,ng With, C Th i P) Ca rb ojiy i. I’m c . t i p.ng.
There a re  r e l a t i v e l y  few re p o r te d  re a c t io n s  between phosphorus(V ) 
s e le n id e s  and compounds c o n ta in in g  carb o n y l g roup s . Compound (82) 
r e a c t s  w ith  phosphorus(V ) s e le n id e  to  a f fo rd  an a p p a re n tly  q u a n t i t ­
a t iv e  amount of 2 ,4 -d ip h e n y l-1 ,6 a X ^ -d ith ia -6 -s e le n a p e n ta le n e  (5 6 )^ ^ .
In  work re p o r te d  in  a p a te n t ,  th e  in d o le  d e r iv a t iv e s  (83) a re  s a id  to
99a f fo rd  th e  co rresp o n d in g  ca rb o se len a ld eh y d e  compounds (84)
— 20 —
U n fo rtu n a te ly , a sy s te m a tic  s tu d y  of t h i s  type of r e a c t io n  has n o t y e t  
been u n d er tak en  to  dec id e  w he ther th e se  r e a c t io n s  a re  of a g e n e ra l 
n a tu re  o r n o t.
Ph,
Ph
(82)
O
Ph
Ph
(56)
Se
R
Me
Me
ÏMe
^  + PSe
(83)
R Me
N '^ C H - C H S e
Me
(84)
The r e a c t io n  o f formamide (85) and phosphorus(V) s e le n id e  to  form
100selenoform am ide (86) has r e c e n t ly  been announced 
( 87 ) have a ls o  y ie ld e d  th e  co rresp o n d in g  selenoam ides (88)
O ther amides
101-103
w h ils t  te t r a a lk y lu r e a s  (89) have a ffo rd e d  te t r a a lk y ls e le n o u re a s  
(9 0 )1 °^ .
(85)
SeI IH — C -N H ^  
( 86)
O
1 it 2 3R - C - N R  R + P S e ^4  10
Se
R-G-NR^R^
(87) (88)
-  21 -
O
R gN -C -N R g  +
Se
^  R g N -C -N R g
C89) (90)
These compounds ten d  to  be u n s ta b le ,  and have to  be s to re d  i n  a
d ry , i n e r t  atm osphere, and i n  th e  dark .
The co n v ers io n  of la c tam s (91) to  se len o lac tam s (92) by
phosphorus(V ) s e le n id e ,  which was p rep a red  and re a c te d  in  s i t u , has 
105been re p o r te d  . The r e a c t io n  tim es tended to  be le n g th y  and th e  
y ie ld s  g e n e ra lly  low, ex cep t f o r  th e  case where n = 1 1 , when a 40% 
y ie ld  o f pure se len o lac tam  was o b ta in e d .
•c=o
-N H
(91)
C =Se
(CH J
NH
(92)
1 ,3 ,4 -S e le n a d ia z o le s  (93) have been re p o r te d  to  be th e  p rod u c t of 
th e  r e a c t io n  of d ia lk y l -  and d ia ry lh y d ra z id e s  (94) w ith  phosphorus(V ) 
s e l e n i d e ^ .
(RCO)HN-NH(RCO) +
(94)
N — N
(93)
F in a l ly ,  in  th e  r e a c t io n  o f 1- a lk y l - 4 - th io u r a c i l s  (95) w ith
phosphorus(V ) s e le n id e ,  th e  su lp h u r atom was re p la c e d  p r e f e r e n t i a l ly ,
107s in c e  th e  observed p ro d u c ts  w ere 1 - a lk y l - 4 - s e le n o u r a c i ls  (96)
-  22 -
4 10
SeA
R
C96)
d) M iscellaneous R éac tio n s
A r e p o r t  has appeared  r e c e n t ly  o f th e  in s e r t io n  of selen ium  in to  
a h e te ro c y c l ic  r in g  u s in g  phosphorus(V ) s e le n id e ^ ^ ^ . Compound (97) 
e x i s t s  in  e q u ilib r iu m  w ith  s t r u c t u r e  (98 ) ,  and t h i s  e q u ilib r iu m  may be 
d isp la c e d  tow ards compound (98) by h e a t in g . Subsequent r e a c t io n  w ith  
phosphorus(V ) s e le n id e  th e n  a f fo rd e d  th e  h e te ro c y c le  (9 9 ) . However, 
th i s  r e a c t io n  i s  of very  l im i t e d  u se .
R yRN = /  A NA
CF3 - ^ S  ^ --------  CF3.
CF3 CF3
(97) (98) (99)
In  co n c lu sio n , th e  main drawback to  th e  use o f phosphorus(V ) 
s e le n id e  i s  p r in c ip a l ly  i t s  v e ry  low s o lu b i l i ty ,  and th e  r e l a t i v e  
i n s t a b i l i t y  of most of th e  p ro d u c ts  o b ta in e d . R eac tion  y ie ld s  a re  
g e n e ra lly  low, r e a c t io n  tim es  le n g th y , and p u r i f i c a t i o n  com plica ted . 
Phosphorus(V) s e le n id e  i s  th e re f o r e  a f a r  from id e a l  re a g e n t fo r  
e f f e c t in g  th e  in s e r t i o n  of se len ium  in to  o rg an ic  compounds.
5) Selenium  ..Dip,xi.d.e.,„ ,Sele.nl.QU.&.,Asi.<l...AM. Sei.e.hi.bQL...Irlbxi.d@
Many o x id a t io n  r e a c t io n s  in v o lv in g  selenium  d io x id e  and i t s
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h y d ra te , s e le n io u s  a c id , have been re p o r te d . Most of t h i s  work was 
n o t r e a l ly  concerned w ith  th e  i n s e r t i o n  o f selenium  in to  o rg an ic  
compounds, but r a th e r  th e  o rg a n ic  d e r iv a t iv e s  th a t  do n o t c o n ta in  
se len ium . Much l e s s  use has been made of th e se  re a g e n ts  f o r  th e  
in s e r t i o n  o f selen ium  in to  o rg a n ic  m o lecu le s .
a) R eac tio n s  In v o lv in g  Se (IV)
The r e a c t io n  o f in d o le s  w ith  selen ium  d io x id e  has been observed 
to  be somewhat v a r ia b le ^ ^ ^ . In d o le  (100) a f fo rd s  3 ,3 * -d i in d o ly l -  
s e le n id e  ( 101) ,  2 -m e th y lin d o le  ( 102) a f fo rd s  both  3 , 3 * -d i( 2 -m e th y l- 
in d o ly l) d is e le n id e  (103) and th e  co rre sp o n d in g  t r i s e l e n i d e  (1 0 4 ), 
w h ils t  1 ,2 -d im e th y lin d o le  (105) a f fo rd s  3 , 3 ' - d i ( 1 ,2 -d im e th y lin d o ly l)-  
t r i s e l e n id e  (1 0 6 ). This v a r i a t i o n  in  th e  type of p ro d u c t o b ta in ed , 
coupled w ith  th e  r e l a t i v e l y  modest y ie ld s ,  su g g e s ts  th a t  th e re  i s  
l i t t l e  l ik e l ih o o d  o f t h i s  becoming a g e n e ra l r e a c t io n .
%
(100)
j SeO_
(101)
SeO.
(103)
Me
Se,
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yMe
[105)
\ ïMe
(106)
■Se,
A nother type of r e a c t io n  i s  th a t  in v o lv in g  o le f in s  and selen ium  
d io x id e  under a c id ic  c o n d itio n s  to  in tro d u c e  an a l l y l i c  s u b s t i tu e n t ,  
o f te n  w ith  r e a r r a n g e m e n t ^ H o w e v e r ,  compounds which do n o t 
c o n ta in  selen ium  a re  u s u a l ly  form ed, and so  t h i s  type of r e a c t io n  i s  
n o t e s p e c ia l ly  re le v a n t  in  t h i s  c o n te x t.
A number of h e te ro c y c l ic  compounds may be p rep ared  u s in g  th e s e  
re a g e n ts .  Dioximes (107) and b is -h y d ra z o n e s  (108) r e a c t  w ith  selen ium  
d io x id e  to  a f fo rd  1 ,6 - d io x a - 6 a A ^ -se le n a -2 ,5 -d ia z a p e n ta le n e s  
( 109)^^^” ^^^ and 6 aX ^-selena -1  ,2.,5 ,6 - te t r a a z a p e n ta le n e s  ( 110)^ ^ ^ '^ ^ ^  
r e s p e c t iv e ly .  The p re p a ra t io n  o f te tr a a z a p e n ta le n e s  (110) by t h i s  
method i s  r a th e r  r e s t r i c t e d  in  i t s  a p p l i c a b i l i t y ,  s in c e  th e  a r y l  group 
must be e i th e r  a phenyl or a 2 ,4 -d in i t ro p h e n y l  s u b s t i tu e n t .
R
OH OH
C107)
SeO.
R
Yo - S e  O
(109)
R* R^
NH H N ^ ^  Ar-^ ^ A r
C108)
SeCL
N
\ A r
( 110)
A r = C ^ H ^ 2,4-(N 0^)-C ^H 3
- 2 5  -
B en zo se len ad iazo ie s  may be p rep a red  u s in g  s e le n io u s  a c id . The 
sem ioarbazone ( 111) a f fo rd s  4 , 5 , 6 ,7 - t e t r a h y d r o - l ,2 , 3-b e n z o se le n a -  
d ia z o le  ( 112) under q u i t e  m ild  c o n d i t i o n s ^ ^ w h i l s t  in  a g e n e ra l 
r e a c t io n ,  v i r t u a l l y  q u a n t i t a t iv e  y ie ld s  o f s u b s t i tu te d  1 ,2 , 5 -b en zo - 
s e le n a d ia z o le s  ( 113) may be o b ta in e d  from th e  arom a tic  d iam ines
(114) 119,120
N O I II NH —C—NH
(111)
+ HySeO,
S e -
( 112)
R
R
NH^
N H, '
(114) (113)
S e le n io u s  ac id  a ls o  r e a c t s  w ith  t h i o l s  (115) in  an o th e r g e n e ra l
121 122r e a c t io n  to  g iv e  d i th io s e le n id e s  (116) and d is u lp h id e s  ( 117) ' ,
bu t i t  i s  o f te n  very  d i f f i c u l t  to  s e p a ra te  th e se  p ro d u c ts .
RSH
(115)
H^Se0 3 (RS),Se + R ,S , + H, 0
(116) (117)
b) RgAsJPiPAS- J nyp.l -vÂhg.-S-e.^
R e la tiv e ly  l i t t l e  work has been c a r r ie d  ou t on e l e c t r o p h i l i c  
s u b s t i t u t i o n  r e a c t io n s  in v o lv in g  selen ium  t r io x id e .  I t  has  been
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observed however, th a t  benzene (118) r e a c t s  sm oothly w ith  a s o lu t io n
o f selen ium  t r io x id e  in  l i q u id  su lp h u r d iox ide  to  a f fo rd  a se le n o n ic
a c id  (119) a s  th e  main p ro d u c t, and a selenone ( 120) a s  a  m inor 
1p rod u c t . The y ie ld  o f  th e  fo rm er may be d ec re a se d , and t h a t  of 
th e  l a t t e r  in c re a s e d , i f  a m ix tu re  of selen ium  t r io x id e  in  s e le n ic  
a c id , HgSeO^, i s  used in s te a d  o f  t h a t  in  l i q u id  su lp h u r d io x id e . 
Brcmobenzene and ch lo robenzene r e a c t  in  an analogous manner.
liq. SO.
+ SeOg --------------^  PhSeO^H + Ph,SeO,
C118) (119) (120)
Since r e l a t i v e l y  l i t t l e  work has been u n d ertaken  u s in g  th e se  
re a g e n ts  as a means o f i n s e r t i n g  selen ium  in to  o rg an ic  m o lecu le s , th e  
above r e a c t io n s  would in d i c a t e  th a t  th e re  m igh t be scope in  t h i s  a re a  
in  th e  fu tu r e .
6 ) G eneral N u o leo p h ilic  Selenium  Reagents
The re a g e n ts  d isc u sse d  i n  th e  fo llo w in g  S e c t io n  a l l  c o n ta in  
h ig h ly  n u c le o p h il ic  selen ium  a n io n s , capab le  of a t ta c k in g  carbon, 
d is p la c in g  a lk y l  h a l id e  s u b s t i tu e n t s ,  and rin g -o p en in g  sm all h e te ro ­
c y c le s .  They a re  a l l  p rep a red  d i r e c t ly  from selen ium , and a re  o f te n  
used I n  s i t u  r a th e r  th an  being  i s o l a t e d  p r io r  to  u se . They ten d  to  be 
used in  aqueous s o lu t io n s  under m ild c o n d itio n s  and u s u a lly  g iv e  good 
r e s u l t s .  These re a g e n ts  c o n s t i tu t e  a very u se fu l means of form ing new 
carbon -se len ium  bonds.
27 -
a) P.Q.t.aa5i.uffl S.el.en<?j3.ul.phate
Potassium  s e le n o s u lp h a te  i s  r e a d i ly  p rep ared  by d is s o lv in g  
selen ium  in  an aqueous s o lu t io n  of potassium  s u lp h i te  a t  80^-100°C, 
and i s  used i n  p re fe re n c e  to  sodium se le n o su lp h a te  s in c e  sodium 
s u lp h i te  i s  com p ara tiv e ly  in s o lu b le .  Potassium  s e le n o su lp h a te  i s
n o n -red u c in g , and a ls o  n o n - to x ic . I t  may be i s o la te d  as an e a s i l y
124 125handled s o l id  , o r i t  may be used i a  s i t u  , I t  has been n o ted
th a t  when an aqueous s o lu t io n  o f  po tassium  se le n o su lp h a te  i s  p re p a re d ,
e lem en ta l selenium  i s  d e p o s ite d , as in d ic a te d  by th e  fo llo w in g
e q u i l i b r i u m ^ .
SeSC) 2 - Se^ + H S O ; OH
However, i f  th e  s o lu t io n  i s  kep t a t  approx im ate ly  65 C, th e n  th e
e q u ilib r iu m  fav o u rs  th e  s e le n o s u lp h a te  an ion  and th e re  i s  l e s s
d e p o s it io n  of se len ium , and c o n seq u en tly , a g r e a t e r  c o n c e n tra tio n  of
s e le n o su lp h a te  an io n s  a v a i la b le  fo r  r e a c t io n .
D esp ite  th e  la c k  o f re d u c in g  a b i l i t y ,  th e  se le n o su lp h a te  an io n  i s
s t i l l  s u f f i c i e n t l y  n u c le o p h il ic  to  e f f e c t  s u b s t i tu t io n  r e a c t io n s .
T reatm ent of th e  a c rid o n e  (121) w ith  phosphoryl c h lo r id e  and J tl,il-d i-
m ethylform am ide g iv e s  th e  co rre sp o n d in g  c h io re  s a l t ,  which r e a c t s  w ith
127aqueous po tassium  s e le n o s u lp h a te  to  g iv e  th e  se len o a c rid o n e  ( 122)
I) poci / d m f
2 ) SeSOg'
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More re c e n t work em ploying th e  same r e a c t io n  c o n d itio n s  has 
co n v erted  th e  th ia p y ra n -4 -o n e  (123) to  th e  th ia p y ra n -4 -se lo n e  
(124 )^^^ , and th e  a ldehydes  (125) and (126) to  1 ,6 , 6 a X ^ - t r is e le n a -
68 ii 128p e n ta le n e s  (5 5 ) and 6- s e l e n a - 6 aX - t h i a - 1 ,2 -d ia z a p e n ta le n e s  ( 127) 
r e s p e c t iv e ly .
°  2 1  2
1) POCI / d m f  .3.,:.. — >  H 1
2) Se S(3g %
(124)
^  1 
O P o c i g / D M F  ^
Se Se O 2) K^+SeSO^'" ^  Se— Se Se
(125) (55)
r' R^  R; R^
I) POCL /  DMF3
Phx-"^  ^ °  2)K  + SeS0 /  Ph'-'^  ^ Se
(126) (127)
T his re a g e n t th e re f o r e  p ro v id e s  an e f f i c i e n t  and r e l a t i v e l y  s a fe
means of in s e r t in g  se len ium  in t o  o rg an ic  compounds.
b) S elcnidc. Ani.p.ns
When e lem en ta l se len ium  i s  allow ed  to  re a c t  w ith  an aqueous 
s o lu t io n  o f e i th e r  sodium or po ta ss iu m  hydrox ide, a s o lu t io n  c o n ta in ­
in g  h ig h ly  r e a c t iv e  s e le n id e  a n io n s  i s  o b ta in e d . However, i t  has n o t !
proved p o s s ib le  to  a s s ig n  d e f i n i t e  s to ic h io m e t r ic  v a lu e s  to  th e s e  j
2** 129 1 ^0 Ian io n s , a lthough  Se^ ~ has been p o s tu la te d  ' . I f  such s o lu t io n s
a re  re a c te d  i a  s i t u  w ith  a lk y l  h a l id e s ,  v a r io u s  p o ly s e le n id e s  a re
12produced, co rrespond ing  to  th e  a p p ro p r ia te  s e le n id e  an ions . The
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more v o l a t i l e  s e le n id e s  may som etim es be s e p a ra te d  and p u r i f ie d  by
d i s t i l l a t i o n ,  bu t u s u a lly  th e  p ro d u c ts  prove very  d i f f i c u l t  to
s e p a ra te .  In  a d d i t io n ,  they  te n d  to  be u n s ta b le  in  l i g h t ,  and so
c o n s id e ra b le  d e p o s i t io n  of se len ium  te n d s  to  occu r. A lso, by n a tu re
o f th e  o r ig in a l  p re p a ra t io n , th e  s o lu t io n  i s  s tro n g ly  a lk a l in e ,  and
t h i s  cau ses com peting h y d ro ly s is  r e a c t io n s  to  take  p la c e , f u r th e r
co m p lica tin g  th e  s i t u a t io n .
The s i t u a t io n  i s  im proved how ever, i f  an aqueous s o lu t io n  of
sodium form aldehyde s u lp h o x y la te , NaSO^CH^OH, i s  in c lu d e d  in  th e
131p re p a ra t io n  o f th e  s o lu t io n  c o n ta in in g  th e  s e le n id e  an io n s  . I f  th e
r e l a t i v e  p ro p o r tio n s  of se len iu m , sodium form aldehyde su lp h o x y la te  and
hydroxide a re  m an ip u la ted , th e n  th e  s e le n id e  d ia n io n  o r d is e le n id e
d ia n io n  may be o b ta in ed  as  th e  m ain s p e c ie s .  These d ia n io n s  w i l l  th e n
1 32r e a c t  w ith  a lk y l  h a l id e s  (57) to  a f fo rd  sym m e trical s e le n id e s  (128) 
and d is e le n id e s  (129)^^^*^^^ r e s p e c t iv e ly .
RX + Se^ --------------------- >  RgSe
(57) (128)
RX +  >  RgSCg
(57) (129)
These r e a c t io n s  have a w ide u se , but th e re  i s  s t i l l  th e  problem  
o f co n tam in a tio n  by th e  t r i s e l e n i d e  d ia n io n  and by p o ly se le n id e  
d ia n io n s , and th e  a s s o c ia te d  problem s o f s e p a ra t io n  and p u r i f i c a t i o n .  
T his i s  u n fo r tu n a te , s in c e  th e  r e a c t io n s  a re  o th erw ise  q u i te  s im p le , 
a lthough  ca re  must be tak en  when h an d lin g  sodium form aldehyde s u lp h -
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o x y la te  s in c e  i t  i s  a very  f in e  powder and can th e re fo re  cause d u s t­
in g  problem s. In  a d d i t io n ,  ex p o su re  to  a i r  w i l l  cause th e  sodium 
form aldehyde su lp h o x y la te  to  decompose, r e le a s in g  form aldehyde.
c) Bis(methoxvmagnesium) D ise le n id e
Selenium  r e a c t s  w ith  magnesium and m e thanol to  a f fo rd  b is -
( methoxymagnesium) d is e le n id e  (1 3 0 ), which may be o b ta in ed  as  a
134c r y s t a l l i n e  p rod u c t . When i n  s o lu t io n  in  m ethanol, th e  compound 
a f fo rd s  h ig h ly  r e a c t iv e  d is e le n id e  d ia n io n s  which w i l l  e f f e c t  
n u c le o p h il ic  d isp la cem e n t. Not on ly may a lk y l  h a l id e s  be co n v erted  
in to  d is e le n id e s ,  bu t th e  la c to n e  (131) w i l l  a f fo rd  th e  d is e le n id e
(1 3 2 ), and benzaldehyde (133) and benzyl c h lo r id e  (134) a f fo rd  
d ib e n zy l d is e le n id e  (1 3 5 ).
(131)
(MeOMg) Se2 2
(130)
(HO^C
C132)
PhCHO + (MeOMg)^Se^
(133) (130)
PhCHgCI + (MeOMgjgSe^
(134) (130)
(PhCH^)^Se^
(135)
The advan tages of t h i s  re a g e n t a re  th a t  a non-aqueous s o lv e n t may 
be u sed , and so  th e  com peting h y d ro ly t ic  s i d e -re a c t io n s  a re  a b se n t.
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Once a g a in  however, c o n ta m in a tio n  by p o ly se le n id e  an io n s may occur.
7) S..el.e.ni.uffl. Halidgs And.. .Oxyh.aIld.es.
Once a g a in , few compounds o f t h i s  type have been used fo r  
in s e r t i n g  selen ium  in to  o rg a n ic  compounds; on ly  selenium  m onoch lo ride, 
t e t r a c h lo r id e ,  o x y ch lo rid e  and th e  bromine analogues have been in v e s t ­
ig a te d , The selen ium  h a l id e s  a r e  p rep ared  by th e  r e a c t io n  of th e
elem en ts, a lthough  m a in ta in in g  th e  d e s ire d  s t o i  chicane t r y  i s  d i f f i c u l t ,
135-139s in c e  exchange r e a c t io n s  occur q u i t e  r e a d i ly
S e / g    S e X g  + S e
S eX ^  + S e  ^ --------------- 2  S e X ^
The o x y h a lid e s  a re  p re p a re d  from selenium  d io x id e  and hydrogen 
h a l id e  (136) in  th e  p re sen ce  of c o n c e n tra te d  s u lp h u r ic  a c id .
c o n e .  H S OS e O g  + 2  H X   2 .4 ^  S e O X g
(136)
a) Addition,Xq- .M,ul.t,iple Bonds
The r e a c t io n  of se len ium  m onochloride w ith  is o la t e d  double bonds
1 O 1 li 1has been w idely  s tu d ie d  ” . Compounds (137) w il l  r e a c t  w ith
selen ium  m onochloride to  g iv e  th e  s e le n id e s  (1 3 8 ). The r e a c t io n  
c o n d itio n s  may vary  q u i t e  c o n s id e ra b ly  between r e a c t io n s ,  depending
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upon th e  r e a c t i v i ty  o f th e  o le f in .  However, i t  ap p ea rs  to  be 
n ece ssa ry  no t to  have an e x c e ss  o f selen ium  m onochloride, o th e rw ise  
th e  co rrespond ing  s e le n id e  d ic h lo r id e s  (139) a re  formed.
C137)
Se.CI^
(138)
(137)
excess SeCI2 2
(139)
SeCI
I f  a compound c o n ta in in g  two s u i ta b ly  p o s it io n e d  double bonds
(140) i s  re a c te d  in  t h i s  m anner, th en  a te trah y d ro se len o p h e n e  (141) i s  
139o b ta in ed
(140)
CICH. Se
(141)
CHgCI
Only one r e a c t io n  em ploying selen ium  monobromide in  a s im i la r
142manner has been in v e s t ig a te d  . Selenium  monobromide r e a c t s  w ith  
te t r a f lu o ro e th e n e  (142) to  g iv e  th e  d is e le n id e  (1 4 3 ).
CF=CF^ (BrCF^CF^)^Se^
(142) ( 143)
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The s e le n id e  d ic h lo r id e  (139) may a ls o  be o b ta in ed  by th e
143re a c t io n  o f o le f in  (137) w ith  selen ium  te t r a c h lo r id e  , o r w ith
selen ium  d io x id e  in  a s a tu r a te d  s o lu t io n  of aqueous hydrogen 
144c h lo r id e
(137)
(137)
SeCI
+ S e O  / sac. H^CI
jC I— C — (Z— j-SeClg
k  Ic  L
(139)
An analogous r e a c t io n  o ccu rs  u s in g  selen ium  d io x id e  and a
144s a tu r a te d  aqueous s o lu t io n  o f hydrogen bromide 
w i l l  co n v e rt a c e ty le n e  (144) to  th e  se le n id e  dibrom ide (145)
These c o n d itio n s  
144
A ce tylene (144) w i l l  a ls o  r e a c t  w ith  selenium  te t r a c h lo r id e  to  g iv e
143th e  s e le n id e  d ic h lo r id e  (146)
H C = C H  +
(144)
SeOg /  sat. Br ^  (Br-CH=CH)gSeBrg
(145)
H C = C H
(144)
SeCI ( C I - C H = = C H ) g S e C I ^
(146)
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b) E le c tro p h l l i o  S u b s t i tu t io n  R eac tio n s
A v a r ie ty  of r e a c t io n s  a re  known to  occur between s u i ta b ly
s u b s t i tu te d  o rg a n ic  compounds and e i t h e r  selenium  te t r a c h lo r id e  or
selen ium  o x y c h lo rid e , a lth o u g h  th e  mechanisms of th e se  r e a c t io n s  a re
n o t alw ays u n d ers to o d . K e tones (147) w i l l  r e a c t  q u i t e  r e a d i ly  under
145,146m ild c o n d itio n s  w ith  e i t h e r  selen ium  te t r a c h lo r id e  or w ith
147selen ium  o x y ch lo rid e  to  a f fo rd  s e le n id e  d ic h lo r id e s  (1 4 8 ).
O
1 H 2R -C -C H g R
(147)
SeCI4or
SeOCl
O
^  (R -C -C H p^S eC lj
(148)
A n ilin e s  (74) w i l l  r e a c t  w ith  bo th selenium  m onochloride and 
selenium  o x y ch lo rid e  to  g iv e  th e  s e le n id e  (149)^^*
Se^CI,
or
SeOCI
^  I r ' r ^ n - / ^ Se
(74) (149)
Selenium  o x y ch lo rid e  may a ls o  be used to  o b ta in  novel h e te ro ­
c y c l ic  compounds. Thus, 1 , 1 -d ip h e n y le th e n e  (150) a f fo rd s  th e  compound 
(151 )^^^ .
PhgC=CHg +
(150)
SeOCI
(151)
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R eac tio n s  w ith  s e v e ra l  o th e r  ty p e s  of o rg an ic  compounds have 
y ie ld e d  a p p a re n tly  ancanalous r e s u l t s ,  and f u r th e r  work i s  r e q u ire d . 
However, two exam ples o f more r e c e n t  work have seen  selen ium  mono­
c h lo r id e  used in  th e  p r e p a ra t io n  o f 1 ,6 -d io x a -6 a X ^ -s e le n a -2 ,5 -d ia z a -  
p e n ta le n e s  (109) and 6 a A ^ -se le n a -1 , 2 ,5 ,6 - te t r a a z a p e n ta le n e s  (110) from 
th e  co rresp o n d in g  dioxim es (107)^^^  and b is -h y d razo n e s
r' r  ^ r' r^
Y Y + CI _______^  ^  I T  ^OH OH ^  O ------Se— O
(107) (109)
r' R^  r" R^
NH HN^ * ^  . , N ----- Se-----NA r - ^ '■ ''A r '  '  A r '' "  ^ A r
(108) (110)
A r=  C^H^, 2 ,4 -(N 0^)-C ^H 3
Thus, th e  re a g e n ts  o f f e r  a co m p ara tiv e ly  m ild and easy means of 
in s e r t in g  se len ium  in to  o rg a n ic  compounds, bu t p u r i ty  and h a n d lin g  
problem s a re  obvious d isa d v a n ta g e s .
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B. SiinDle_Qrgani.Q. R eagents
Only a few o rg an ic  d e r iv a t iv e s  a re  known to  have g e n e ra l a p p l ic ­
a b i l i t y  fo r  th e  fo rm a t io n  o f new carbon-se len ium  bonds.
1) S elenourea
S e len o u rea  (35) i s  r e a d i ly  a lk y la te d  to  g iv e  iso se len o u ro n iu m
s a l t s  (152) from a lk y l  h a l id e s  (57) under very  m ild c o n d itio n s  in  
149o rg an ic  s o lv e n ts  , th e re b y  av o id in g  competing h y d ro ly t ic  s id e -  
r e a c t io n s .
.N H  X-
RX + S e=C (N H g)3 ---------------->  RSeC(
NHg
(57) (35)  (.152)
In  most c a se s , th e  iso se len o u ro n iu m  s a l t  (152) may be i s o la te d  
and th e n  hydro lysed  under b a s ic  c o n d itio n s  to  th e  co rrespond ing  
s e le n o l .  This may i n  tu r n  undergo f u r th e r  r e a c t io n  i f  d e s ire d .
Hence, s e le n o u re a  i s  a co m p ara tiv e ly  advantageous re a g e n t fo r  th e  
in s e r t i o n  of selen ium  in to  o rg a n ic  compounds.
2) B enzylgblbhol
In  th e  s y n th e s is  o f complex a l i p h a t i c  s e le n o ls ,  i t  i s  f r e q u e n t ly  
n ecessa ry  to  in tro d u c e  th e  selen ium  s u b s t i tu e n t  p r io r  to  subsequen t 
s te p s .  The r e l a t i v e l y  s e n s i t i v e  selen ium  s u b s t i tu e n t  must th e re fo re  
be p ro te c te d , and th e  p r o te c t io n  be removed a t  a l a t e r  s ta g e . U n fo rt­
u n a te ly , most means of p r o te c t io n  have c o n s id e ra b le  drawbacks and
-  37 -
l im i t a t i o n s .  The benzy lse len iu m  m oiety has th e  advantage however, 
t h a t  i t  i s  s ta b le  to  a wide v a r i e ty  o f re a g e n ts  and r e a c t io n  c o n d it­
io n s , and may be removed v ery  e f f i c i e n t l y  by re d u c tio n  w ith  sodium in  
150l iq u id  ammonia
B en zy lse len o l can be p re p a re d  by th e  r e a c t io n  o f benzylmagnesiura 
150bromide w ith  selen ium  , o r more c le a n ly , by th e  re d u c t io n  o f d i -  
b e n z y ld is e le n id e  w ith  l i th iu m  aluminium h y d r i d e ^ D i b e n z y l d i s e l e n i d e  
can be p rep ared  a s  p re v io u s ly  d is c u s s e d  in  S e c t io n  1 .A .6 ) .
B en zy lse len o l r e a c t s  a s  m igh t be expected  o f a  selenium  n u c leo ­
p h i le ,  excep t th a t  th e  r e s u l t i n g  s e le n id e s  a re  r e l a t i v e ly  s ta b le  and 
can be e a s i ly  i s o la te d .  I t  w i l l  undergo a d d i t io n  to  double 
b o n d s ^ ^ ^ a s  fo r  th e  c o n v e rs io n  o f o le f in  (153) to  s e le n id e  (1 5 4 ) , 
and w i l l  r in g -o p e n  l a c t o n e s ^ s u c h  as  p ro p io la c to n e  (155) to  
g iv e  th e  s e le n id e  (1 5 6 ).
HgC=CR!
(153)
+ PhCH^SeH PhCH^SeCH^CHR’ R^
(154)
— o
(155)
PhCH^SeH PhCH^SeCHjCHplR'
(156)
More re c e n t work in v o lv in g  th e  s e le c t iv e  d isp lacem en t of p r o te c t ­
in g  g roups during  th e  s y n th e s is  o f p ep tid es^^^* ^^^ , su g g e s ts  th a t  
b e n z y lse le n o l w i l l  f in d  in c re a s in g  use in  y e a rs  to  come.
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3) Carbon D lse le jiid e
158Carbon d is e le n id e  may be p re p a re d  from carbon te t r a c h lo r id e  , 
o r more e f f i c i e n t l y ,  f ro a  th e  r e a c t io n  of d i ch i o r ome thane w ith  m o lten  
s e l e n i u m ^ T h e  dense l i q u id  i s  ex trem ely  n a u se a tin g , and 
re q u ir e s  v e ry  c a r e fu l  h an d lin g  and th e  use of chem ical t r a p s ,  such as 
ch arc o a l in  e th a n o l ic  hydrox ide  s o lu t io n .
R eac tio n s  in v o lv in g  carbon  d is e le n id e  do no t alw ays in v o lv e  th e  
fo rm a tio n  of new ca rb o n -se len iu m  bonds, but may s t i l l  be j u s t i f i a b l y  
in c lu d ed  h e re , s in c e  selen ium  i s  in s e r t e d  in t o  th e  o rg an ic  m o lecu le s . 
R eac tio n s  w ith  prim ary am ines a f fo r d  sym m e trical s e le n o u re a s , w h i ls t  
th o se  w ith  secondary  amines (157) a f fo rd  H, N .-d ia lk y ld ise len o ca rb am ate  
s a l t s  (158)^^^ .
1 2 NaOH 1 2RRNH + CScj --------------- ^  R R N - C - S e  Na
(157)  (158)
I t  i s  ve ry  im p o r ta n t to  avo id  an ex cess  of carbon d is e le n id e ,  o r 
p o ly m e risa tio n  i s  l i k e l y  to  o ccu r.
Carbon d is e le n id e  w i l l  a ls o  r e a c t  q u i te  r e a d i ly  w ith  a c t iv a te d  
m e thylene g roups^^^, such as t h a t  i n  dicyanom ethane (159) which 
a f fo rd s  th e  co rresp o n d in g  1 ,1 - d i s e le n o la te  an ion  (1 6 0 ), and w hich may 
be trap p e d  by th e  r e a c t io n  w ith  1 ,3-dibrom opropane to  y ie ld  th e
1 ,3 -d is e le n a n  (1 6 1 ).
Se Q^/r'Lj \ Se-
(CNigCH^ 4. CSe^ —  >  (C N )3C =C :( _ — ( CN) gC=(
Se
(159) ; i60 )  (161
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Carbon d is e le n id e  has been observed  to  r e a c t  w ith  carbon t e t r a ­
c h lo r id e  to  a f fo rd  th e  compound (162 )^^^ , and more r e c e n t ly ,  w ith  
selen ium  monobromide to  g iv e  compound (163)^^^ .
CCI^ + CScg   ^  C l^C SeC I
( 162)
.Se
Se^Br^ + CSe^ ' ^  Se )>=:SeB r
(163)
U n fo rtu n a te ly , th e  p r o p e r t i e s  o f carbon d is e le n id e ,  and th e  
problem s a s s o c ia te d  w ith  h an d lin g  i t ,  make th i s  re a g e n t a l e s s  p o p u la r 
cho ice  fo r  th e  i n s e r t i o n  of se len ium  in to  o rg an ic  m o lecu le s.
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2 . The, In tr o d u c tio n . pf _,gu i ph^r, XnfcÆ. .Carb.ony l  Compounds
Using O rganothiophospfaorus R eagents
I t  h as  p re v io u s ly  been shown i n  S e c t io n  1 ,A .1 )b ) t h a t  phosphine 
s e le n id e s  may be o b ta in ed  frcrn t r i v a l e n t  pho sph ines. Since i t  i s  t h i s  
c l a s s  o f compound th a t  was p r im a r ily  employed a s  th e  s e le n iu m - tra n s fe r  
re a g e n t i n  th e  work embodied i n  t h i s  t h e s i s ,  i t  i s  a p p ro p r ia te  to  
co n s id e r  on a com parative  b a s is ,  th e  work t h a t  h a s  been c a r r i e d  ou t 
u s in g  o rgano th iopho sphoru s  compounds to  i n s e r t  su lp h u r in to  o rg an ic  
compounds. The d is c u s s io n  w i l l  be l im i t e d  to  r e a c t io n s  in v o lv in g  
carb o n y l fu n c tio n s ,  p r im a r ily  a ld e h y d ic  and k e to n ic  fu n c t io n s ,  and 
a ls o  th o se  r e a c t io n s  in v o lv in g  phosphine s u lp h id e s .
A re c e n t  review  by Cherkasov, Kutyrev and Pudovik h as  d e a l t  w ith
164organo th iopho sphoru s  r e a g e n ts  q u i t e  com prehensively . There a re  two 
m ain ty p e s  o f re a g e n t to  be c o n s id e re d .
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A. Phosphorus T h io ac id s  And T lieir. D e r iv a t iv e s
1) Phosphorus D ith io a o id s
S ince phosphorus d i th io a o id s  n o t on ly  have an a c id  fu n c t io n  w i th  
a pK^ o f between two and f o u r ,  b u t have c o n s id e ra b le  n u c le o p h il ic  
p r o p e r t i e s  as  w e ll ,  they  a re  e a s i l y  a t ta c h e d  to  th e  ca rb o n y l f u n c t io n  
o f a ldehydes and k e to n es  (1 6 4 ), u s u a l ly  in  a r e v e r s ib le  r e a c t io n .  The 
r e s u l t in g  d ith io p h o s p h a te s  (165) may be converted  in t o  th e  c o r re s ­
ponding th io c a rb o n y l compounds (166) and phosphorus th io a c id s  (1 6 7 ),
165v ia  th e  c y c l ic  in te rm e d ia te  (168)
S
(RO)gPSH r! R ^ c = 0
(164)
•c r ' r^
O
OR
(168)
S R^
(RO) P S - C - O H
le
(165)
R! R^C=S
s
(RO^POH
(166) (167)
I f  th e  compounds (1 6 9 ), (170) and (133) a re  t r e a te d  w ith  H ,l l '-d i-  
e th y ld ith io p h o s p h o r ic  a c id  a t  m odera te  tem p era tu res  f o r  between one 
and two days, th en  th e  th io c a rb o n y l analogues (1 7 1 ), (172) and (173) 
re s p e c t iv e ly ,  a re  o b ta in ed  i n  good to  e x c e l le n t  y ie ld s .
MeO 7  \V U c =C = 0  + (E tO^PSH
(169)
MeO 7 U c = s
(171)
■O (EcO^PSH
(170) (172)
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PhCHO
(133)
S
(EcO)gPSH PhCHS
Cl 73]
However, i f  th e  p rod u c t can ach iev e  d é lo c a l i s a t io n ,  th e n  t h i s  may 
a f f e c t  th e  r e s u l t  o f th e  r e a c t io n ,  a s  i n  th e  case of th e  co n v ers io n  o f 
en th ro n e  (174) to  th e  a n th ra cen e  th i o l  (1 7 5 ).
(174)
+ (EcO^RSH
(175)
Phosphorus d ith io a o id s  w i l l  a ls o  r e a c t  w ith  carboxam ides (87) to  
a f fo rd  th iocarboxam ides  (1 7 6 )^^ ^ , w ith  c a rb o x y la te s  (177) to  a f fo rd  a 
m ix tu re  of e s t e r s  (178) and (1 7 9 )^^^ , w ith  th io c a rb o x y la te s  (180) to
g iv e  th e  d ith io c a rb o x y l ie  e s t e r s  (179) 
to  a f fo rd  is o th io c y a n a te s  (1 8 2 )^^ ^ .
167 and w ith  iso c y a n a te s  (181)
O  S
1 I I  2 3 I IR - C - N R  R + (R O ) /S H  
(87)
^  R -C -N R ^R ^
C176)
2R - C - O R  + (RO)gPSH _ 1 II 2R—C —OR + R - C - S R ^
(177) (178) Cl 79)
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O
1 H 2R” C—SR +
(180 )
(RO)gPSH 1 "  2 R * - C ~ S R
C179)
R N C O
(181)
(RO)gPSH R N C S
(182)
2) S - T r im e t h v la i lv l  E s te r s  Of Phosphorus D ith io a o id s
These e s t e r s  a r e  a ls o  e f f e c t iv e  th io n a t in g  re a g e n ts ,  s in c e  th e
s i l i c o n  atom has a s tro n g  o x y g e n p h ilic i ty  due to  th e  f a c t  t h a t
s i l ic o n -o x y g e n  bonds a re  c o n s id e ra b ly  s tro n g e r  th a n  s i l ic o n - s u lp h u r  
16qbonds . The r e s u l t  i s  t h a t  S ^ t r im e th y ls i ly ld ith io p h o s p h a te s  undergo 
r e a c t io n  w ith  a ld eh y d ic  and k e to n ic  ca rb o n y l groups (164) to  form th e  
in te rm e d ia te s  (183), which a re  e a s i ly  co n v erted  in to  th e  analogous 
th io c a rb o n y l compounds (166) and 0 .- t r im e th y ls i ly l th io p h o s p h a te s  (184) 
v ia  th e  c y c l ic  in te rm e d ia te s  (1 8 5 ).
R^C=0 f  (R O /S -S iM eg
C174)
(RO )/'
■SiMCg
0
1 , 2-C R R
C183]
( R 0 ) , P — 0
I 1 1 2S — CR R
r! r^C=S  + (RO)gPO— SiMCg
(185) (166) (184)
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This type o f r e a c t io n  i s  e s p e c ia l ly  fav o u rab le  fo r  th e  p re p a r­
a t io n  of a rcaaa tic  th io c a rb o n y l compounds. The p re p a ra t io n  o f th io -  
ace tophenone (186) from acetophenone (187) i s  q u a n t i ta t iv e ^
O S  SI I  ^  I I  _  I IP h - C - M e  + (RO)gPS— SiMCg ------------ ^  P h -C — Me
(187) (186)
I t  i s  somewhat more d i f f i c u l t  to  o b ta in  is o th io c y a n a te s  (182)
from iso c y a n a te s  (181) u s in g  â - t r i m e th y I s i ly ld i th io p h o s p h a te s .  The
most e f f i c i e n t  method d isc o v e re d  so f a r  in v o lv e s  th e  in tro d u c t io n  o f a
1 ,2 -d io x y a lk e n e  or 1 ,2 -d io x y a ry le n e  s u b s t i tu e n t  on to  th e  phosphorus 
164atom , as  in  compound (1 8 8 ). T his a f fo rd s  s e v e ra l  is o th io c y a n a te s  
(182) in  e x c e l le n t  y ie ld s  under m ild c o n d itio n s .
1
R N C O  +
Pp O ^S—SiMe^
y  S3- R-N=c=s
(181) (188) ( 182)
I t  i s  hoped th a t  r e a g e n ts  o f t h i s  type w i l l  prove to  be as 
e f f e c t iv e  upon a ldehydes  and k e to n e s .
3) Thioph08Ph.a>t.e.s.,And Thlb.phP.sphgr.l.Q Digjaldes
These compounds have n o t been observed  to  r e a c t  w ith  a ldehydes  o r 
k e to n es , bu t only w ith  am ides, to  g iv e , amongst o th e r  p ro d u c ts , a n a l­
ogous th io a m id e s^ ^ ^ '^ ^ ^ . The n a tu re  of th e  amide used i s  very  im p o r t-
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a n t in  d ec id in g  th e  co u rse  o f th e  r e a c t io n .
4) Phosphide..S,\d.ph.i.dis.g
Phosphine su lp h id e s  have n o t been observed to  undergo r e a c t io n s
w ith  e i th e r  aldehydes o r k e to n e s , bu t t r i a l k y l -  and t r ia ry lp h o s p h in e
su lp h id e s  do r e a c t  w ith  o x ira n e s  in  th e  p resence o f t r i f l u o r o a c e t i c
172a c id  under m ild  c o n d itio n s  to  g iv e  th i i r a n e s  in  m odera te  y ie ld s  
Cyclohexene oxide (189) r e a c t s  w ith  tr ip h e n y lp h o sp h in e  su lp h id e  to  
g iv e  cyclohexene su lp h id e  (1 9 0 ) , and s ty re n e  oxide (191) r e a c t s  w ith  
tr i -n -b u ty lp h o s p h in e  su lp h id e  to  a f fo rd  th e  co rresp o n d in g  th i i r a n e  
(1 9 2 ).
(189)
Ph^P=S H
(190)
+ PhgP=0
P h _ _ < ^  + Bu^P=S H'*' Ph + BUgP=0
(191) (192)
These re a g e n ts  a re  th e re f o r e  very  im p o r tan t, a s  they  p ro v id e  an 
e f f i c i e n t  means of o b ta in in g  su lp h u r compounds under m ild c o n d itio n s  
a s  a  r e s u l t  of t h e i r  pronounced n u c le o p h i l i c i ty  and th e  low er s t r e n g th  
o f th e  p h o sphoru s-su lphur bond when compared w ith  phosphorus-oxygen 
bonds.
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B. Lawe.jgsQïi* S Re,age nt
2 ,4 -B is (4 -m e th o x y p h e n y l)-1 , 2 ,3 » 4 -d ith ia d ip h o s p h e ta n e -2 ,4 -d i-
su lp h id e  (1 9 3 ), more commoriLy known as  Law esson 's R eagent, i s  one o f
th e  most e f f e c t iv e  th io n a t in g  r e a g e n ts  p re s e n tly  known. I t  may be
173p rep ared  d i r e c t ly  f ra n  a n is o le ,  phosphorus and su lp h u r .
MeO
OMeS—
1) R eac tio n s  With K etones
Lawesson’ 3 Reagent r e a c t s  w ith  k e to n es  to  a f fo rd  th e  c o r re s ­
ponding th io k e to n e s  in  high  y ie ld  when th e  re a c t io n s  a re  c a r r ie d  o u t
o 1 T4in  anhydrous to lu e n e  a t  110 C under n itro g e n  , Benzophenone (194)
a f fo rd s  th iobenzophenone (1 9 5 ), 4-m ethylbenzophenone (196) y ie ld s  th e
4-m e thylthiobenzophenone (1 9 7 ) , 3 -n itrobenzophenone (198) g iv e s
3 -n itro th io b en zo p h en o n e  (1 9 9 ), and th e  d ic y c lo p ro p y l ke tone (200)
produces th e  th io k e to n e  (2 0 1 ).
Ph^C=0 + (193)  >  Ph2C=S
(194) (195)
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Ph—c = o
P h - C = 0
(193)
C198)
+ (193)
Ph— C = S
P h - C = S
NO.
[199]
c=o
[200]
(193) c=s
[201]
C y clic  ke tones may a ls o  be th io n a te d , although  i t  has been n o ted
175th a t  th e  speed o f r e a c t io n  i s  s o lv e n t  dependent 
ounds (202) may be co n v erted  to  th e  su lp h u r analogues (203)
However, comp- 
175-177
(193)
X = O, S, N-H
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I f  a , 3"u n s a tu ra te d  k e to n es  a re  re a c te d  w ith  Lawesson’ s R eagent,
th e  co rrespond ing  th io k e to n e s  a re  form ed, and can be i s o la t e d  i f  th ey
176a re  s u f f i c i e n t ly  s ta b le  . Enamines (204) a f fo rd  enam ino th iones 
(205)^^^*^^^, c y c l ic  k e to n es  (206) g iv e  c y c l ic  th io k e to n e s  (2 0 7 )^^^ , 
w h ils t  c y c l ic  enarainones (208) form th e  co rrespond ing  enam ino th iones
(209)^77
(193)R -C —C H = C N R  R R - C - C H = C N R  R
(193)
(193)
In  c e r t a in  case s  however, such as w ith  s t e r i c a l l y  h in d e red
k e to n es , th io n a t io n  does n o t occu r.
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2) R eac tio n s  With E s te rs  Of ( T hiclC arboxyllQ  Aclda.
The r e a c t io n  o f Lawesson’ s Reagent w ith  th e  e s t e r s  of c a rb o x y lic  
a c id s  (177) and th io c a rb o x y lic  a c id s  (180) i s  u s u a lly  s t r a i g h t  f o r ­
ward, producing th io a c y la te s  (178) and d ith io c a rb o x y la te s  (179)
179re s p e c t iv e ly ,  and i n  good y ie ld
O S
1 H 2 1 li 2R - C - O R  + (193)  ^  R - C - O R
(177) . (178)
O S
1 11 2 ^  1 11 2 R - C — SR + (193)   ^  R - C - S R
(180) (179)
3) R eac tio n s  With Amides Of C arb o x v lic  Acids
Carboxamides (87) r e a c t  r e a d i ly  w ith  Lawesson’ s Reagent to  prod­
uce th iocarboxam ides  (176) in  a lm o st q u a n t i t a t iv e  y ie ld ^ ^ ^ . V arying 
2 3th e  s u b s t i tu e n ts  R and R does n o t a f f e c t  th e  course of th e  r e a c t io n ,  
even when th e  r e a c t iv e  fu n c t io n s  such as n i t r o ,  h a lo , and amino sub­
s t i t u e n t s  a re  in tro d u c e d .
O S
1 I I  2 3 1 I I  2 cR - C - N R R  + (193)  ^  R - C — NR R
(87) (176)
Even b ifu n c t io n a l  am ides (210) and c y c l ic  carboxam ides (211)
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r e a c t  w ith  Law esson 's Reagent to  g iv e  th e  expec ted  b is th io a m id e s
(212)^®^ and c y c l ic  th io am id es  (213)^^^ r e s p e c t iv e ly .
OI I
(Ph—NH—C — + 
( 210)
(193) ^  ( P h - N H - C —
0%2)
(193) ry'-
(213)
The mechanism of th e  r e a c t io n  of Law esson 's Reagent (193) w ith  
carb o n y l compounds (164) h a s  on ly  r e c e n tly  been co n s id e re d . A r e c e n t  
r e v i e w ^ p r o p o s e s  t h a t  th e  mechanism may be such t h a t  L aw esson 's 
Reagent d is s o c ia te s  to  produce th e  h ig h ly  r e a c t iv e  d ith io p h o sp h in e  
y l id e  (2 1 4 ). This would th e n  r e a c t  w ith  th e  carbony l compound (164) 
in  a manner analogous to  th e  W i t t ig  r e a c t io n  to  produce th e  th io -  
carb o n y l p roduct (166) v ia  a fo u r - c e n t re  c y c l ic  in te rm e d ia te .
A r - P  SI  I
s 1s
(193)
2 X Ar—P— S
(214) o = C R ‘R“ 
(164)
A r -P -
O - C R  K
Ar — P = 0 S=CPL R^
(166)
Ar = 4-O M e-C ^H ^
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An analogous type of mechanism may be proposed f o r  th e  r e a c t io n  
o f a l l  ^P=S re a g e n ts  w ith  ca rb o n y l compounds. The analogy may even be 
ex tended  to  ^P=Se re a g e n ts .
In  co n c lu s io n , n o t on ly  i s  L aw esson 's Reagent one of th e  m ost 
e f f e c t iv e  re a g e n ts  to  c a rry  o u t th e  th io n a t io n  of o rg a n ic  compounds, 
bu t i t s  advantages of being  e a s i l y  p rep a red  and s im ple to  use , and of 
being  a b le  to  produce h igh  y ie ld s  of r e a d i ly  i s o la t a b l e  p ro d u c ts , make 
i t  p robab ly  th e  most c o n v e n ie n t. F u r th e r  s tu d ie s  em ploying t h i s  
re a g e n t and i t s  s u b s t i tu te d  an a lo g u es  w i l l  undoubtably  be c a r r ie d  ou t 
i n  th e  fu tu r e .
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3 . 1.6.6aA  - T r lh e te r a p e n ta le n e s  C ontaining. Selenium
Since th e  r e a c t io n s  o f ( 1 ,2 -d ith io l-3 -y lic ie n e )c a rb a ld e h y d e s  and
pheny lpho sphonoseleno ic  d ic h lo r id e  to  g ive  1 ,6aA - d i t h ia - 6 - s e le n a -
p e n ta le n e s  w ere c a r r ie d  o u t d u rin g  th e  work embodied in  t h i s  t h e s i s ,
i t  i s  a p p ro p r ia te  th a t  th e re  shou ld  be a d is c u s s io n  abou t th e  
41,6 ,6aA  - t r ih e t e r a p e n ta l e n e s  th a t  c o n ta in  selen ium .
1 ,6 ,6 a x ^ -T r ih e te ra p e n ta le n e s  may be d e p ic te d  by th e  g e n e ra l 
s t r u c t u r a l  form ula (2 1 5 ), w here X and Z may be 0 ,8 ,Se or N-R, and 
where Y may be S,Se or Te. S t r u c tu r a l ly  s im i la r  analogues a re  a ls o  
known where one or more carbon  atoms a re  re p la c e d  by n it ro g e n  atcm s.
5 /R
(215)
Reviews of th e  ch em is try  and p r o p e r t i e s  of th e se  compounds have
1 82 ”■ 191been w r i t t e n  by v a r io u s  a u th o rs  ’’ . For th e  purpo ses of t h i s
d is c u s s io n , however, on ly  th e  l i t e r a t u r e  p e r ta in in g  to  th e  p a r t i c u l a r  
c la s s e s  of t r ih e t e r a p e n ta le n e s  c o n ta in in g  selenium  w i l l  be co n sid ­
e re d . S e c t io n  head ing s w i l l  r e f e r  to  th e  g e n e ra l s t r u c tu r e  (2 1 5 ).
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A. S tru c tu ra l  S tu d ie s
1 ,6 ,6 a X ^ ~ T rih e te ra p e n ta le n e s  and r e la t e d  system s have been 
e x te n s iv e ly  s tu d ie d  u s in g  v a r io u s  te ch n iq u es  to  a s s i s t  s t r u c t u r a l  
a n a ly se s . In  p a r t i c u la r ,  X -ray c ry s ta l lo g ra p h y  and n .ra .r .  s p e c tro ­
scopy have p layed  very  im p o r ta n t r o le s  in  th e  assignm ent of s t r u c t u r e s  
to  th e se  compounds.
1) Ray.-Cgyst al lography
a) 1 ,6 .6aX ^-T ri3elenaD entaL enea. (215 : X,Y,Z = Se)
4 192C ry s ta l  s t r u c tu r e  d a ta  o f 1 ,6 ,6aX  - t r i s e l e n a p e n ta le n e  (216)
in d ic a te s  th a t  th e  m olecule i s  p la n a r , w ith  th e  selenium  atoms ad o p t­
in g  an alm ost c o l l in e a r  arrangem ent.
However, th e  m olecule  does n o t e x h ib i t  symmetry, and t h i s  i s  
a t t r i b u t e d  to  th e  r e l a t i v e l y  s h o r t  in te rm o le c u la r  d is ta n c e s  betw een 
m olecu les in  th e  same c r y s ta l lo g r a p h ic  u n i t ,  r e s u l t in g  in  a d eg ree  of 
in te rm o le c u la r  a t t r a c t i o n ,  and hence d i s to r t i o n  of th e  m olecu le .
1-871 Â1-904 Â1-856 Â
2-579Â2 -586  Â
(216)
The Se-Se bond le n g th s  '2 .5 8 6  2 and 2.579 2) a re  app rox im a te ly  
1056 g r e a t e r  th an  th e  le n g th  o f th e  co rrespond ing  tw o -e le c tro n , 
c o v a le n t s in g le  bond (2 .3 4  2) bu t co n s id e ra b ly  s h o r te r  th an  th e
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sum of th e  a p p ro p r ia te  Van d e r  W aa l's  r a d i i  (4 .00  2 )^^ ^ . T h is  would 
su g g e s t th a t ,  a lthough  th e  bond o rd e r  of th e  Se-Se bonds i s  l e s s  th a n  
u n i ty , s ig n i f i c a n t  bonding in t e r a c t io n s  occur betw een th e  two l a t e r a l  
selen ium  atoms and th e  c e n t r a l  se len ium  atom.
The l a t e r a l  C-Se bond le n g th s  (1 .856 2 and 1.871 2) a re  l e s s  th a n  
th a t  of th e  co rrespond ing  c o v a le n t s in g le  bond (1 .94  2 )^^ ^ , b u t 
g r e a t e r  than  th a t  of th e  carb o n -se len iu m  double bond (1 .74  2 )^^3 . 
S im ila r ly ,  th e  c e n tra l  C-Se bond a ls o  e x h ib i t s  a  bond le n g th  (1 .9 0 4  2) 
which i s  in te rm e d ia te  in  v a lu e  between th e se  two ex trem es. T his 
in d ic a te s  th a t  a l l  th e  C-Se bonds e x h ib i t  bond o rd e rs  o f between one 
and two.
This i s  a ls o  th e  case fo r  th e  C-C bonds. The l a t e r a l  C-C bonds
( 1.374  2 and 1.371  2) a re  c e r t a in ly  s h o r te r  in  le n g th  th an  th e  c e n t r a l
C-C bonds (1 .427  2 and 1.395 2) ,  bu t th ey  a re  a l l  in te rm e d ia te  in
v a lu e  between th e  le n g th s  of a c o v a le n t carb o n -ca rb o n  s in g le  bond
(1 .5 4  2 ) ^ and a co rresp o n d in g  double bond (1 .3 4  2 )^ ^ ^ . Indeed , th e
bond le n g th s  e x h ib i te d  a re  com parable to  th o se  observed in  n a p h th a l-  
194ene , in d ic a t in g  th a t  th e  a ro m a t ic i ty  of th e  superim posed T r-e lec tro n  
system  i s  s im i la r  to  th a t  of th e  10 i r - e le c t ro n  system  o f n ap h th a len e .
The unusual bonding e x h ib i te d  in  th e  c o l l in e a r  selen ium  sequence 
i s  th e re fo re  bo th cr and tt in  c h a ra c te r ,  b u t th e  bonds a re  weaker th a n  
th e  o th e r  bonds in  th e  m o lecu le . They a re  th e re fo re  more l i a b l e  to  
changes in  bond le n g th  when e i t h e r  th e  a -sy s tem  o r th e  Tr-system i s  
p e r tu rb e d . Such p e r tu rb a t io n s  may be caused by a l t e r a t i o n s  in  th e  
in tra m o le c u la r  or in te rm o le c u la r  environm ents of th e  m olecu le . As 
p re v io u s ly  e x p la in e d , th e  p resence  of j u s t  such an in te rm o le c u la r  
p e r tu r b a t io n  i s  re s p o n s ib le  f o r  th e  absence of C^^ symmetry on th i s  
o ccasio n .
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O ther members of t h i s  c l a s s  of t r ih e te r a p e n ta le n e  th a t  have been 
examined c r y s ta l lo g r a p h ic a l ly  a re  compounds (217)^^^ and (2 1 8 )^^^ .
_ 2-568 A _ 2 -5 5 4  Â _Se--------------- S e ------------------Se
C217)
Me Me
2 -542  Â 2-542 A
(218)
Only p re lim in a ry  d e t a i l s  o f compound (218) have been p u b lish e d , 
and so  i t  i s  u n c e r ta in  w he ther th e  Se-Se bond le n g th  shown (2 .542  2) 
i s  r e p r e s e n ta t iv e  or m ere ly  an average o f two q u i te  d i f f e r e n t  Se-Se 
bond le n g th s .  N e v e r th e le s s , th e  d a ta  in d ic a te s  th a t  th e  t r i h e t e r a ­
p e n ta le n e  s k e le to n  i s  p la n a r .
For compound (2 1 7 ), th e  p resence  of r e l a t i v e l y  s h o r t  i n t e r ­
m o lecu la r d is ta n c e s  has r e s u l t e d  in  th e  lo s s  of symmetry, bu t th e  
t r ih e te r a p e n ta le n e  s k e le to n  i s  s t i l l  p la n a r .
The Se-Se bond le n g th s  '2 .5 6 8  2 and 2.554 2) a re  ap p ro x im a te ly  
10% and 9% g r e a t e r  th a n  th e  le n g th  o f th e  co rrespond ing  tw o -e le c tro n , 
c o v a le n t s in g le  bond (2 .3 4  2 )^ ^ ^ , and so a re  c o n s id e ra b ly  s h o r t e r  th a n  
th e  sum of th e  Van d e r  W aal’s r a d i i  of two selen ium  atcms (4 .00  
g)193 . The Se-Se bond o rd e r  i s  once more l e s s  th a n  u n ity , as was th e  
case  fo r  compound (2 1 6 ).
Although co n c lu s io n s  a re  d i f f i c u l t  to  s u b s ta n t ia te  when so few 
members of t h i s  c la s s  of t r ih e t e r a p e n ta le n e s  have been examined 
c r y s ta l lo g r a p h ic a l ly ,  th e  f a c t  th a t  th e  Se-Se bonds a re  between 9% and
-  56 -
10% g r e a t e r  in  le n g th  th a n  th e  co v a le n t se len ium -se len iu ra  s in g le  bond
su g g e s ts  th a t  fo r  th e se  compounds a t  l e a s t ,  a b ic y c l ic  s t r u c t u r e  w ith
bonding in t e r a c t io n  betw een th e  selen ium  atoms seems l i k e l y .  By
analogy  w ith  1 ,6 ,6aX  - t r i t h i a p e n t a l e n e s ,  t h i s  may be accoun ted  f o r  by
th e  G le ite r-H offm ann  th e o ry  o f  th r e e - c e n tr e ,  f o u r - e le c t r o n  
197bonding
b) 1 .6-D ithia-6aX  - s e le n a o e n ta le n e s  (215 : X, Z = S ; Y = Se)
S tr u c tu r a l  a n a ly se s  of compounds (219)^^^ , (220)^^^  and (221)^^^  
have been und er tak en , and in d i c a t e  th a t  th e  t r ih e te r a p e n ta le n e  
s k e le to n  of a l l  th re e  compounds i s  a p p a re n tly  p la n a r ,  th a t  th e  
su lp h u r-se len iu m  sequence i s  ap p ro x im ate ly  c o l l in e a r ,  and th a t  
compounds (219) and (220) e x h ib i t  symmetry. Although compound 
(221) i s  sy m m e tr ica lly  s u b s t i tu t e d ,  th e  f a c t  th a t  i t  does n o t p o sse ss  
symmetry in  th e  s o l id  s t a t e  may be accounted f o r  by th e  d i f f e r e n t  
a n g le s  of tw is t  of th e  two phenyl s u b s t i tu e n ts  ou t of th e  p lane of th e  
t r ih e te r a p e n ta le n e  s k e le to n , th e re b y  causing  in tra m o le c u la r  p e r tu rb ­
a t io n  of th e  S-Se bond le n g th s .
2 -4 4 6  Â J 2 -4 4 6  Â
C a9)
2-414 A2-414 A
( 220)
^ 2-A.33 À _ 2-419 A5 -------------------b e ---------------------b
(221)
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The S-Se bond le n g th s  of compound (219) (2 .446 2) a re  approx­
im a te ly  11% g r e a t e r  th a n  th e  le n g th  o f th e  co rrespond ing  tw o -e le c tro n , 
c o v a le n t s in g le  bond (2 .21 2 )^ ^ ^ , b u t co n s id e ra b ly  s h o r te r  th a n  th e  
sum of th e  a p p ro p r ia te  Van d e r  W aal’ s r a d i i  (3»85 2 )^ ^ ^ . Once a g a in , 
i t  ap p ea rs  th a t  a bond o rd e r  o f l e s s  th a n  u n ity  i s  p re s e n t ,  w ith  
s ig n i f i c a n t  bonding in t e r a c t i o n s  o c c u rrin g  between th e  two l a t e r a l  
su lp h u r atoms and th e  c e n t r a l  se len ium  atom. This i s  confirm ed by 
compounds (220) and (2 2 1 ), whose S-Se bond le n g th s  a re  between 9% and 
10% g r e a t e r  in  le n g th  th an  th e  su lp h u r-se len iu m  c o v a le n t s in g le  bond 
le n g th  (2.21 2 )^^^ .
I t  may be observed t h a t  n o t only a re  th e  tw is t  a n g le s  of th e  
phenyl s u b s t i tu e n ts  in  compound (221) d i f f e r e n t ,  bu t th a t  th e  
s u b s t i tu e n t  of th e  r in g  w ith  th e  lo n g e r  S-Se bond (2 .4 3 3  2) h as  th e
g r e a t e r  tw is t  an g le  (4 6 ° ) .  T his i s  analogous to  th e  s i t u a t i o n
201observed  f o r  th e  co rresp o n d in g  t r i th ia p e n ta l e n e  , and i s  in  acco rd
202w ith  th e  p ro p o sa ls  made on th e  b a s is  of CNDO/2 c a lc u la t io n s
When th e se  compounds a re  compared w ith  1 ,6 ,6 a x ^ - t r i s e le n a p e n t -  
a le n e s ,  i t  may be concluded t h a t  th e  same type of bonding i s  p re s e n t  
fo r  b o th . T h e re fo re , i t  i s  l i k e l y  t h a t  1 ,6 -d ith ia -6 a X ^ -s e le n a p e n t-  
a le n e s  p o sse ss  a b ic y c l ic  s t r u c t u r e ,  w ith  c o n s id e ra b le  bonding 
in t e r a c t io n  o c c u rrin g  betw een th e  l a t e r a l  su lp h u r atoms and th e  
c e n t r a l  selen ium  atom.
iic) 1.6aA -P i th ia - 6 - s e le n a o e n ta le n e s  (215 : X, Y = S ; Z = Se)
Only one member, compound (5 6 ) ,  o f th i s  type of t r i h e t e r a p e n t -
98a le n e  has been examined c r y s ta l lo g r a p h ic a l ly  , and th e  t r i h e t e r a ­
p e n ta le n e  sk e le to n  was found to  be p la n a r .
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3 5 'Ph
2-492  Â 2-333 Â
(56)
The S-S bond le n g th  in  compound (56) (2 .492 i )  i s  ^9% g r e a t e r
th a n  th e  le n g th  o f th e  co rre sp o n d in g  tw o -e le c tro n , c o v a le n t s in g le
bond (2 ,10  w h ils t  th e  S-Se bond le n g th  (2 .333  2) i s  only 6%
g r e a t e r  th an  th e  le n g th  o f a  c o v a le n t su lp h u r-se len iu m  s in g le  bond
(2.21 2 )^^ ^ . These v a lu e s  seem r a th e r  ex trem e w ith  re s p e c t  to  each
o th e r  u n t i l  they a re  compared w i th  th e  v a lu e s  o b ta in ed  from th e
co rresp o n d in g  t r i th ia p e n ta le n e ^ ^ ^ ,  namely 1 956 and 655 re s p e c t iv e ly .
The d a ta  i s  o b v io u sly  in  good agreem ent, and th e  la rg e  d if fe re n c e  in
v a lu es  w ith in  each compound may be accounted  fo r  by th e  in tra m o le c u la r
p e r tu rb a t io n s  caused by th e  phenyl s u b s t i tu e n ts .  The p e r tu rb a t io n s
a re  c o n s is te n t  w ith  th e  p ro p o sa ls  r e s u l t in g  from CNDO/2 c a l c u la t -  
202io n s  ; nam ely, t h a t  a 2 -p h en y l s u b s t i tu e n t  w ith  a r e l a t i v e l y  la rg e  
an g le  of tw is t  w i l l  le n g th e n  th e  a d ja c e n t S-S bond, w h ils t  a 3 -p h en y l 
s u b s t i tu e n t  w i l l  s h o r te n  i t .  When a p p lie d  to  compound (5 6 ) , t h i s  
would e n t a i l  a long  S-S bond and a  s h o r t  S-Se bond, as  observed .
Compound (5 6 ) , as th e  so le  r e p r e s e n ta t iv e  of 1 ,6 a X ^ -d ith ia -6 -  
s e le n a p e n ta le n e s  th a t  has been examined c r y s ta l lo g r a p h ic a l ly ,  may 
th e re fo re  be co n sid e red  to  be b ic y c l ic ,  and p o sse ss in g  c o n s id e ra b le  
bonding in t e r a c t io n  betw een th e  l a t e r a l  su lp h u r and selenium  atcm s, 
and th e  c e n tr a l  su lp h u r atom.
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d) 1 .6~Dioxa-6aX_ ~s_elena-»2. S -d ia z a a e n ta l.e n e s  
(215 ; X,Z = 0 ; Y = Se ; 0^,0^ = N)
C ry s ta l lo g ra p h ic  d a ta  f o r  compounds (222)^^^ , (2 2 3 )^^ ^ , and
(224)^^^ in d ic a te  th a t  th e  t r ih e te r a p e n ta le n e  s k e le to n s  a re  p la n a r ,  
bu t th a t  th e  oxygen and selen ium  atoms may no lo n g e r  be co n sid e re d  to  
be c o l l in e a r ,  s in c e  th e  se len ium  atoms a re  * ex tended  out* o f th e  
c o l l i n e a r i t y ,  so th a t  th e  O -Se-0 bond an g le s  a re  between 160° and 
168°.
Me Me
1*987 k 1*997 À
N
o
N
1*942 Â 1*942 ÂO
N
O
(222) (223)
Me Me
N
2*030 Â2*017 Ao
•N
(224)
The 0-Se bond le n g th s  of compound (222) (1 .9 8 ?  2 and 1.997 3) a re  
app ro x im a te ly  455 and 5% g r e a t e r  in  le n g th  r e s p e c t iv e ly ,  th a n  th e  
co rresp o n d in g  tw o -e le c tro n , c o v a le n t s in g le  bond le n g th  (1.91 3 )^ ^ ^ ,
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b u t co n s id e ra b ly  s h o r te r  th a n  th e  sum of th e  Van d er W aal’ s r a d i i
(3 .40  The 0-Se bond le n g th s  of compound (224) (2 .017  3 and
2 .030  3) a re  6% g r e a t e r  th an  th e  le n g th  of 1.91 3, w h ils t  th e  average
0-Se bond le n g th  of compound (223) (1 .942  2) i s  2% g r e a t e r .  F u l l
d e t a i l s  f o r  compound (223) have n o t been p u b lish e d  however.
This su g g e s ts  th a t  a lth o u g h  th e  bond o rd e rs  a re  l e s s  th a n  u n i ty ,
s ig n i f i c a n t  i n t e r a c t io n s  occur betw een th e  l a t e r a l  oxygen atoms and
th e  c e n tr a l  selen ium  atom s.
The observed le n g th s  o f th e  N-0, C-N, C-C , and C-Se bonds a rej a
a l l  in te rm e d ia te  in  v a lu e  betw een th e  le n g th s  of th e  co rre sp o n d in g
193c o v a le n t s in g le  and double bonds , and so they e x h ib i t  bond o rd e rs  
o f between one and two. F in a l ly ,  th e  v i r t u a l  e q u a l i ty  o f th e  0-Se 
bond le n g th s  of each compound must be th e  r e s u l t  of in tra m o le c u la r  
bonding, r a th e r  th an  of c r y s t a l  p ack ing , s in c e  th e re  a re  no s ig n i f ­
i c a n t ly  s h o r t  in te rm o le c u la r  d is ta n c e s .
Hence, s in c e  th e se  compounds a p p a re n tly  p o sse ss  th e  same type of 
bonding as o th e r  s e le n iu m -c o n ta in in g  t r ih e te r a p e n ta le n e  compounds 
exam ined, they  may be c o n s id e re d  to  be b ic y c l ic ,  w ith  c o n s id e ra b le  
bonding in t e r a c t io n s  betw een th e  l a t e r a l  oxygen atcms and th e  c e n t r a l  
selen ium  atoms.
2) M a g n & t i d . , SpeotrosGOpy
N .m .r. s p e c t r a  of a l l  sy m m e trica lly  s u b s t i tu te d ,  selen ium - 
c o n ta in in g  t r i h e t e r a p e n t a l e n e s ^ ^ ' s h o w  th a t  th e re  
i s  eq u iv a len ce  of th e  r in g  p ro to n s  and of sym m e trical s u b s t i tu e n ts ,  
in d ic a t in g  th a t  th e se  compounds have r e a l  or tim e-averaged  sym­
m e try in  s o lu t io n .
"•61 —
T h ere fo re , on th e  b a s is  of n .m .r .  sp e c tro sc o p ic  ev id en ce , 
e i t h e r  a l l  th e se  m olecu les have symmetry, o r th e  eq u iv a len c e  i s  
due to  two ra p id ly  in te rc o n v e r t in g  v a len ce  tau to m ers  (225) and (2 2 6 ) , 
r e s u l t in g  in  tim e-av erag ed  symmetry in  s o lu t io n .
Y X X-----Y X
(225) (226)
1 113V a ria b le  tem p era tu re  H n .m .r .  s tu d ie s  have shown no d e p a r tu re
from m agnetic eq u iv a len ce  betw een 40°C and -60°C. However, t h i s  i s
n o t co n c lu siv e  ev id en ce , s in c e  in te rc o n v e r s io n  of th e  two tau to m ers
(225) and (226) may s t i l l  be too  r a p id , even a t  -60°C.
F u r th e r  ev idence may be p ro v id ed  from a com parison of th e   ^H
n .m .r . d a ta  of a p p ro p r ia te  se le n iu m -c o n ta in in g  t r ih e te r a p e n ta le n e s  and
o f s ta b le  c a rb o se len a ld e h y d e s  in  an  a ttem p t to  decide w he ther th e
t r ih e te r a p e n ta le n e s  e x i s t  as th e  b ic y c l ic  s t r u c tu r e  d e p ic te d  by (2 2 7 ) ,
o r th e  m onocyclic s t r u c tu r e  re p re s e n te d  by (2 2 8 ).
(227) (228)
The chem ical s h i f t  v a lu e s  of th e  ca rb o se len a ld eh y d e  p ro to n s  in  
s ta b le  in d o l iz in e  and p y r ro lo [2 ,1 - l i ] th ia z o le  1- and 3 -c a rb o s e le n -  
aldehydes may be used to  o b ta in  a range w ith in  which th e  chem ical 
s h i f t  v a lu e s  of a s ta b le  ca rb o se len a ld eh y d e  p ro to n  m igh t norm ally  be 
exp ec ted  to  occur. The a p p ro p r ia te  chem ical s h i f t  v a lu e s  of th e se
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74compounds norm ally  occur in  th e  range 6 11.94 to  13.00 ppm , and even  
when h ig h ly  p o la r is e d  i n  th e  sen se  R^=CH-Se", a re  u n lik e ly  to  occur 
much f u r th e r  u p f ie ld .
R' R'
R^
Se  Se O
(125)
However, w ith  th e  e x c e p t io n  of th e  anomalous ( 1 ,2 - d i s e le n o l - 3 -  
y lid e n e )a ld e h y d e s  (1 2 5 ), whose co rrespond ing  chem ical s h i f t  v a lu e s  
norm ally  occur in  th e  range 5 8 .33  to  8 .92  ppm^^, th e  a p p ro p r ia te  
s h i f t  v a lu e s  of a l l  r e le v a n t  se le n iu m -c o n ta in in g  t r ih e te r a p e n ta le n e s  
no rm ally  occur in  th e  range 5 9 .69  to  11.08
T his would su g g e s t th a t  th e se  compounds do no t c o n ta in  th e  environm ent
(2 2 8 ), bu t r a th e r  th e  environm ent (2 2 7 ). This ev idence i s  no t 
co n c lu s iv e  however, s in c e  th e  observed chem ical s h i f t  v a lu e s  may be 
th e  average o b ta in ed  from th e  two environm ents ra p id ly  in te r c o n v e r t ­
in g .
13C N .m .r. sp ec tro sco p y  has been employed, a l b e i t  s p a r in g ly , and
has been c a r r ie d  out on v a r io u s  1 ,6 -d io x a -6 a X ^ -s e le n a -2 ,5 -d ia z a p e n t-
4 115 117a le n e s  and 6ax - s e le n a - 1 ,2 ,5  ,5 - te t r a a z a p e n ta le n e s  ' . I t  r e -
1in fo rc e s  th e  ev idence o b ta in e d  by H n .m .r . sp ec tro sco p y ; namely t h a t  
th e se  ^ ra m e tr ic a l ly  s u b s t i tu t e d  se le n iu m -c o n ta in in g  t r ih e t e r a p e n t ­
a le n e s  e x h ib i t  eq u iv a len c e  of s u b s t i tu e n t  p ro to n s , and th e re fo re  
p o sse ss  r e a l  or tim e-av erag ed  symmetry in  s o lu t io n .
T h ere fo re , i f  a l l  th e  a v a i la b le  n .m .r . d a ta  i s  co n s id e red  in  
c o n ju n c tio n  w ith  th e  c r y s ta l lo g r a p h ic  d a ta , i t  would su g g e s t th a t
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th e se  compounds do p o sse ss  symmetry w ith in  th e  te m p era tu re  range 
s tu d ie d .
3) Mi g Qgll.ansi?n,s-. .Sjgo t r.o.8.ttQ.pi.q,.Tfi.oh nigue.s,
S ev e ra l o th e r  s p e c tro s c o p ic  te c h n iq u e s  have been a p p lie d  to  
se le n iu m -c o n ta in in g  1 ,6 ,6 a X ^ - tr ih e te r a p e n ta le n e s ,  bu t have y ie ld e d  
r e l a t i v e l y  l i t t l e  s t r u c t u r a l  in fo rm a tio n .
Mass sp ec tro sco p y  has been a p p lie d  to  se v e ra l such 
c o m p o u n d s ^ a n d  th e  f ra g m e n ta tio n  p a t te r n s  have been 
observed  to  be s im i la r  to  th o se  of co rresp o n d in g  su lp h u r analo g u es .
One d if fe re n c e  however, i s  th e  more f a c i l e  lo s s  of selen ium  compared 
w ith  su lp h u r , s in c e  c e r t a in  peaks, such as [M-X^H]*, t h a t  a re  common 
fo r  se le n iu m -c o n ta in in g  t r ih e t e r a p e n ta le n e s  a re  u s u a l ly  l e s s  in te n s e ,  
o r even a b se n t, fo r  th e  su lp h u r an a lo g u es . N e v e rth e le ss , th e  
c o n s id e ra b le  s im i la r i ty  in  th e  f ra g m e n ta tio n  p a t te r n s  of co rresp o n d in g  
t r ih e te r a p e n ta le n e s  su g g e s ts  t h a t  th e  bonding in  selen ium  and su lp h u r 
analogues may be com parable, a l th o u g h  t h i s  i s  f a r  from c o n c lu s iv e  
ev id en ce .
S trong  s i m i l a r i t i e s  in  th e  in f r a - r e d  and u l t r a - v i o l e t / v i s ib l e
s p e c tr a  p rov ide  f u r th e r  ev idence th a t  th e  bonding in  se len ium -
c o n ta in in g  t r ih e te r a p e n ta le n e s  i s  analogous to  th a t  in  co rresp o n d in g
su lp h u r compounds. One f e a t u r e  to  n o te  from th e  in f r a - r e d  s p e c t r a ,  i s
t h a t  ( 1 ,2 -d is e le n o l-3 -y l id e n e )a ld e h y d e s  (125) p o sse ss  an a b s o rp tio n  of
medium in t e n s i ty  betw een 1530 cm~  ^ and 1575 cm”  ^ as do c o r re s -
211 212ponding su lp h u r analogues ' , in d ic a t in g  th a t  th e re  must be some
in t e r a c t io n  between th e  oxygen atcm s and th e  c e n tr a l  se len ium  atcm s, 
s in c e  a, 3 -u n s a tu ra te d  aldehydes  and ke to n es  norm ally e x h ib i t  th e
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co rrespond ing  a b s o rp tio n  betw een 1660 cm  ^ and 1705 cm” ^. O therw ise ,
th e  only s l i g h t  d if fe re n c e s  to  be observed a re  th a t  some a b s o rp tio n s
in  th e  v i s ib l e  re g io n  f o r  se le n iu m -c o n ta in in g  t r ih e te r a p e n ta le n e s
e x p erien ce  a s l i g h t  s h i f t  to  lo n g e r  w aveleng ths r e l a t i v e  to  t h e i r
su lp h u r analogues^
A g as-p h a se  p h o to -e le c t ro n  spectrum  of compound (222) has  been  
213o b ta in e d  , and used a s  ev id en ce  f o r  symmetry in  t h i s  compound. 
However, p rev io u s  use of t h i s  te ch n iq u e  on t r i th ia p e n ta l e n e s  has 
som etim es g iv en  in c o n c lu s iv e  r e s u l t s ^
( 222)
In  c o n c lu s io n  th e re fo re ,  th e s e  te ch n iq u es , a lth o u g h  o c c a s io n a lly  
y ie ld in g  some s t r u c t u r a l  in fo rm a tio n , a re  not of prim ary im portance  in  
th e  e lu c id a t io n  of th e  s t r u c t u r e  and bonding of se le n iu m -c o n ta in in g  
1 ,6 ,6 a x ^ - t r ih e te r a p e n ta le n e s .
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B. Bonding
The type of bonding p re s e n t  i n  1 ,6 ,6 a x ^ - tr ih e te r a p e n ta le n e s  h as  
been d isc u sse d  f re q u e n t ly ,  a s  v a r io u s  a u th o rs  a tte m p t to  accoun t f o r  
th e  observed p la n a r i ty ,  h e te roa tom  c o l l i n e a r i ty ,  and symmetry. 
V ariou s  th e o r ie s  have been p roposed  to  d e s c r ib e  th e  bonding i n  th e s e  
compounds, bu t s in c e  th e  e a r l i e s t  known and most e x te n s iv e ly  s tu d ie d  
compounds o f t h i s  ty p e  have been th e  t r i th ia p e n ta l e n e s ,  th e  m a jo r i ty  
of t h i s  work r e l a t e s  to  them. However, i t  h as  p re v io u s ly  been 
d e sc rib e d  how s im i la r  th e  bonding m ust be between se le n iu m -c o n ta in in g  
t r ih e te r a p e n ta le n e s  and t h e i r  su lp h u r  analogues, so t h a t  th e  co n c lu s­
io n s  drawn f o r  t r i th ia p e n ta l e n e s  may eq u a lly  w e ll apply  to  t h e i r  
selenium  i s o s t e r e s .
One of th e  e a r l i e s t  s t r u c t u r e s  proposed f o r  1 ,6 ,6 a X ^ - t r i th ia -  
217p e n ta le n e s  was (229) . However, t h i s  s t r u c tu r e  would g iv e  r i s e  to
th e  s t r u c tu r e  (2 3 0 ), th e reb y  im p ly ing  th a t  e l e c t r o p h i l i c  a t t a c k  shou ld  
occu r a t  C^, and t h i s  i s  in c o n s i s te n t  w ith  ex p erim en ta l 
o b se rv a tio n s^ ^ 8-225 ^
■s— s s — s -+ +
[229] (230)
A nother h y p o th e s is  was t h a t  o f ’ s in g le  bond -  no bond* v a len ce
22 6 —228ta u tcm e rs , a s  shown by s t r u c t u r e s  (231) and (232)
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R^
S S
[231] (232]
S h o rtly  a f t e r  th e  h y p o th e s is  o f ’ s in g le  bond -  no bond’ v a len ce  
tau to m ers  was p re se n te d , i t  was proposed th a t  th e  c e n t r a l  he te roa tom  
underw ent v a le n c e - s h e l l  ex p an sio n  in  o rd e r to  en ab le  i t s  jd - o r b i ta ls  to
O O O— OQ op a r t i c ip a t e  in  th e  c r - b ending . Indeed , when i l - o r b i t a l s  w ere
202 197assumed to  p a r t i c ip a te ,  CNDO/2 and Extended Huckel c a l c u la t io n s
appeared  to  g iv e  th e  b e s t  c o r r e l a t i o n  w ith  c r y s ta l  s t r u c tu r e  d a ta .
However, more re c e n t ab. i n i t i o  and CNDO c a lc u la t io n s  have q u e s tio n e d
w he ther in  f a c t  th e  j l - o r b i t a l s  do p a r t i c ip a te  in  th e
^bo„dlns215.233-235_
4The p re s e n t ly  acc ep ted  th e o ry  fo r  th e  bonding in  1,6,6aX  - t r i ­
h e te ra p e n ta le n e s  d e s c r ib e s  th e  th re e  he teroatom s as being h e ld
to g e th e r  by a f o u r - e le c t r o n ,  th r e e - c e n tr e  a-bond, w ith  superim posed
197TT-bonding over th e  two r in g s  . Three a tom ic o r b i t a l s ,  com prising  
one frcra each he te roa tom , form th re e  m o lecu la r o r b i t a l s ;  one a n t i ­
bonding, one non-bonding, and one bonding. Four e le c t r o n s ,  one from 
each l a t e r a l  he teroatom  and two from th e  c e n tr a l  one, f u l l y  occupy th e  
non-bonding and bonding o r b i t a l s .  The e le c t r o n  d e n s ity  o f th e  bonding 
orbitsüL i s  d is t r i b u te d  over a l l  th re e  h e te ro a to m s, which to  a  f i r s t  
ap p rox im ation  may th en  be co n s id e re d  as being h e ld  to g e th e r  by only  
one bonding o r b i t a l .  T his unusual bonding may th e n  accoun t f o r  th e  
r e l a t i v e l y  long he te roa tom  bond le n g th s  in  th e se  compounds, and would 
r e q u i r e  v i r t u a l  c o l l i n e a r i t y  of th e  th re e  h e te ro a to m s, as i s  in d eed  
observed .
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This bonding concep t has a l s o  been proposed to  accoun t f o r  th e
t r a n s i t i o n  s t a t e  in  an re a c tio n P ^ ^ , and fo r  c e r t a in  in o rg a n ic
anions^^*^*”^^^. Indeed , th e  observed  bond le n g th s  in  th e  l i n e a r
t r i i o d i d e  an io n  a re  ap p ro x im ate ly  9% lo n g e r th an  th e  io d in e - io d in e
PQT pkn 241bond le n g th  found fo r  m o lecu la r  io d in e  ' ' . T his p e rcen tag e
in c re a s e  i s  com parable w ith  t h a t  p re v io u s ly  observed fo r  1 ,6 ,6aA ^- 
t r ih e te r a p e n ta le n e s .
In  a d d i t io n ,  i t  i s  proposed th a t  each carbon atom and th e  c e n t r a l  
he teroatom  c o n tr ib u te  one j i - e le c t r o n ,  w h ils t  th e  l a t e r a l  he teroatom s 
each c o n tr ib u te  two e le c t r o n s  to  a  superim posed 10 i r -e le c t ro n  
d e lo c a l is e d  system , th e re b y  in d u c in g  p la n a r i ty ,  and a ls o  th e  ap p a re n t 
symmetry of sy m m e trica lly  s u b s t i tu t e d  l,6 ,6aA  - t r i h e t e r a p e n t ­
a le n e s .  However, th e  r e s u l t in g  s t a b i l i s a t i o n ,  a lth o u g h  b e n e f i c ia l ,  i s  
n o t though t to  be g r e a t ,  s in c e  th e  c a lc u la te d  p^ -  p^ o v e rlap  i s  
sm a ll.
In  g e n e ra l th e re fo re ,  1 ,6 ,6 a x * - t r ih e te r a p e n ta le n e s  may be 
c o n s id e re d  to  be b ic y c l ic ,  c o n v e n ie n tly  re p re s e n te d  by e i th e r  th e  
s t r u c tu r e  (215) o r (2 3 3 ).
R' R'
R V  ^R^^
c iQ i i .T r r ;X Y Z
C215) C233)
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11C. S y n th e s is  Of_ Selenium -Conta in in e  1 .6 .Gai - T r ih e t e r a p e n ta le n e s  
And stems
1) From Dioxim.es. And Bis-hydraz.onsjg.
S e len iu m -co n ta in in g  1 ,6 ,6 a x ^ - t r ih e te r a p e n ta le n e s  may be sy n th ­
e s is e d  d i r e c t ly  from dioxim es (107)^^^"^^^ and from  b is -h y d razo n e s  
114 117(108) ’ » by r e a c t io n  w ith  e i t h e r  selenium  d io x id e  o r selen ium
m onochloride. The y ie ld s  of th e  r e s u l t in g  1,6 -d io x a -6 a X ^ -se le n a -
jj2 ,5 -d ia z a p e n ta le n e s  (109) and 6aX - s e le n a - 1 , 2 ,5 ,6 - te t r a a z a p e n ta le n e s  
(110) a re  very  v a r ia b le  how ever, and th e  r e a c t io n  tim es a re  o f te n  
q u i te  le n g th y , bu t th e  r e a c t io n  does appear to  be q u i t e  g e n e ra l ,  
w ith in  th e  l im i t a t i o n s  imposed by th e  need fo r  th e  a r y l  s u b s t i tu e n t  to  
be e i th e r  a phenyl or a 2 ,4 -d in i t r o p h e n y l  group.
P! R^
OH OH c - c i  O ------Se-----O■^ 2^ 2
(107) (109)
ÿ  r '  r' r"
A..NH HN,^^ S,^ Cl3 S e -N ^ ^ ^  j
I
(108) (110) i
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2) From 4H- ( Thio ) P y ran -4 -s  e l QJie_a
Since 4 ü -p y ran -4 ~ se lo n es  (44) a re  r e l a t i v e ly  u n s ta b le  and lo s e  
selen ium  to  form 4 ,4 ’-b ip y ra n y lid e n e  d e r iv a t iv e s ,  th ey  a re  p rep a red
7 "3frcra Y -pyrone (234) when re q u ir e d  . When re a c te d  w i th  th a l l i u m ( I I I )
t r i f l u o r o a c e t a t e ,  and th e n  w ith  w a te r , under m ild c o n d it io n s ,  th e y
4 73a f fo rd  1,6 -d io x a -6 a X - s e le n a p e n ta le n e s  (235) , a lth o u g h  o f te n  in
r e l a t i v e l y  poor y ie ld s .
I) M eFSO, 
' O '  'R  2 )N a + S e H
(234)
DTKCF3COP3 
2) H3O
Me 
^  O
Me
— Se O
(235)
I t  has been re p o r te d  t h a t  when th e  2 ,6 -d im e th y l d e r iv a t iv e  (236)
245i s  t r e a te d  w ith  sodium s e le n id e ,  th e  ke tone (237) i s  o b ta in e d  , 
presum ably v ia  th e  in te rm e d ia te  (2 3 8 ).
Se
Me Me
A
O '  Se' 
(238)
Me
(237)
4 ü -T h io p y ra n -4 -se lo n es  (1 2 4 ), them selves p rep ared  from 4 ü - th io -  
py ran-4 -ones (123) by r e a c t io n  w ith  phosphoryl c h lo r id e  and po tassium  
s e l e n o s u l p h a t e ^ , a re  r a th e r  u n s ta b le ,  bu t may be re a c te d  w i th  sodium 
su lp h id e  and po tassium  f e r r ic y a n id e  to  form 1 ,6 -d i th ia -6 a X ^ -s e le n a -
126p e n ta le n e s  (239) . The ad van tages  in  using  th e  s e le n o s u lp h a te  an io n
to  in tro d u c e  th e  selen ium  in s te a d  of th e  se le n id e  or hydrogen s e le n id e
— fO *"
an io n s  have been d isc u sse d  in  S e c t io n  1 .A ,6 )a )
I)POCI3 /DM F
R 2) KgSeSO^ R ' 's -
(124)
l)Na+S /D M SO
2)K;Fe(CN)33 —
R:
-Se-
C239)
3) From. 3-A ikv l-1  .2 -D ise le n o liu m  S a l t s
3-Alky 1-1 ,2 -d is e le n o liu m  p e rc h lo ra te s  (240) r e a c t  w ith  ü ,J i - d i -  
m e thylthioform am ide in  a c e t i c  anhydride to  form 3 - (2 -d im e thy lam ino- 
v in y l) -1 ,2 -d is e le n o liu m  p e rc h lo ra te s  (53)^^  by v i r t u e  of th e  a c i d i ty  
o f th e  m e thy l(ene) g roup  a d ja c e n t to  th e  r in g . These v e r s a t i l e  
compounds may be r e a c te d  w i th  sodium hydrogen s e le n id e , sodium hydr­
ogen su lp h id e , and sodium hydrox ide to  form th e  se le n iu m -c o n ta in in g  
t r ih e te r a p e n ta le n e s  (5 5 ) , (2 4 1 ) , and (125)^^ .
Se Se"*"
CIO
(240)
1 T  3 i f fMe^NCHS / A c p i
R' R'
^  & — Se  ^ NMSg CIO^
(53)
R' R '
S e Se Se Se Se
Na-^OH
Se Se O
(55) (241) f l 2 3 '
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The analogous 1,2 -d i th io l iu m  p e rc h lo ra te  (54) may be r e a c te d  w ith
sodium hydrogen s e le n id e  i n  a  s im i la r  manner to  o b ta in  th e  1,6aX - d i -
th ia -6 - s e le n a p e n ta le n e  (56) 75
Ph
Ph
Na'^SeH'
S NMe^
CIO"
Ph
Ph
-S -Se
(54) (56)
3 -A lk y l-1 ,2 -d ise le n o liu m  p e rc h lo ra te s  (240) a l s o  a f fo rd
h e te r a p e n ta le n e s  (242) and (242A) d i r e c t l y ,  when re a c te d  w ith
208 207arenediazonium  s a l t s  , and sodium n i t r i t e  in  a c e t i c  a c id  ,
re s p e c t iv e ly .
R J
Se —’—Se
CHR
CIO:
ArN + BP;
EtOH
R
R
Se Se —
(242)
(240) N aN O ,
MeCO H /M eCN
R' R'
Se
N IISe O
( 2 4 2 A )
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4) From O ther 1_.6_.6aA^-Triheterap.e.nt.al.eiie^
There a r e  many d i f f e r e n t  ty p e s  of s e le n iu m -c o n ta in in g  1 ,6 ,6aX ^- 
t r ih e te r a p e n ta le n e s  t h a t  may be formed from o th e r  t r ih e te r a p e n ta le n e s ,  
and many re a g e n ts  have been used  in  th e  p ro o e s s^ ^ '^ ^ '^ ^ * ^ ^ ^ * ^ ^ ^ '^ ^ ^ . 
These r e a c t io n s  o f f e r  g r e a t  p o te n t ia l  fo r  th e  s y n th e s is  o f new 
se le n iu m -c o n ta in in g  t r ih e t e r a p e n ta le n e s ,  bu t o f te n  r e q u ir e  v ig o ro u s 
r e a c t io n  c o n d itio n s  and a f fo rd  s e v e ra l  d i f f e r e n t  p ro d u c ts , th e re b y  
h in d e rin g  th e  i s o l a t i o n  and p u r i f i c a t i o n  of any one d e s ire d  p ro d u c t.
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4D. R eac tio n s  Of S e len iu m -C o n ta in in g  1.6 .6aX -T rlhe te raD en ta l.ene .s  
And R ela ted  Systems.
C om paratively l i t t l e  work h as  been c a r r ie d  ou t in  t h i s  a re a  a p a r t  
from th a t  d isc u sse d  in  S e c t io n  3 .C .4 ) ,  where one se le n iu m -c o n ta in in g
t r ih e te r a p e n ta le n e  was co n v erted  in t o  an o th e r. However, th e  p ro to n -
4 247a t io n  of 1 ,6-dioxa-6aA  - s e le n a p e n ta le n e s  has been examined
1) Fr,Q.t.Qnatl.Qh Of, 1,.,..6-Pi.oxa-6..a2y^ ~seleiiap.ental.ejis.g
The n .m .r . s p e c t r a  in  t r i f l u o r o a c e t i c  a c id  of compounds (243) 
and (244) were examined, bu t no s ig n s  of p ro to n a tio n  were a p p a re n t. 
However, when d e u te ra te d  t r i f l u o r o a c e t i c  a c id  was used , th e  s ig n a ls  
co rrespond ing  to  th e  H  ^ and H^  p ro to n s  d isap p ea red , and th e  s ig n a l  
a ss ig n ed  to  th e  H  ^ and H^  p ro to n s  in  compound (243) c o lla p s e d  to  a 
s in g le t ,  in d ic a t in g  t h a t  H -  D exchange had o ccu rred  a t  th e  s i t e s  
and Cj^ .
Ô Se— O O---- Se— O
(2431 (244)
When v /v  p e r c h lo r ic  a c i d / t r i f l u o r o a c e t i c  a c id  was employed as
1th e  n .m .r . s o lv e n t ,  compound (243) was d e s tro y ed , b u t th e  H n .m .r . 
spectrum  of compound (244) in d ic a te d  th a t  p ro to n a tio n  to  a f fo rd  th e  
c a t io n  (245) had o c c u rre d , s in c e  th e re  was non-é q u iv a le nee of th e  
m e thyl s ig n a ls ,  and a tw o -p ro to n  s in g le t  a t  g 5 .10 ppm, co rresp o n d in g
-  74 -
to  th e  p ro to n a ted  s i t e ,  had ap p ea red .
MeMe
(245)
223T his ev idence le n d s  f u r th e r  w eigh t to  th e  g e n e ra l p roposal'
th a t  e l e c t r o p h i l i c  s u b s t i t u t i o n  of 1,6,6aX - t r ih e t e r a p e n ta le n e s
proceeds v ia  an in te rm e d ia te  6 ^ - e le c t r o n  m onocyclic c a t io n ,  a lth o u g h
i t  does n o t d is t in g u is h  betw een s t r u c tu r e s  (246) and (247) > which may
in  e q u ilib r iu m .
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4 . In d o liz in e - l-C a rb o s e le n a ld e h v d e a
S ince th e  work d is c u s se d  in  t h i s  th e s i s  in c o rp o ra te d  r e a c t io n s  
w ith  compounds c o n ta in in g  th e  in d o l iz in e  r in g  system , i t  i s  
a p p ro p r ia te  to  d is c u s s  th o se  c o n ta in in g  selen ium , e s p e c ia l ly  th e  
in d o liz in e -3 ~ c a rb o se le n a ld e h y d e s  (4 9 ) /(2 4 8 ) .
sa
C H Se
(248)
However, i t  would f i r s t  of a l l  be s e n s ib le  to  b r i e f l y  c o n s id e r  
th e  in d o liz in e -3 -o a rb a ld e h y d e s  (2 4 9 ), s in c e  th e se  a re  th e  compounds 
used to  re a c t  w ith  th e  selen ium  re a g e n ts  to  produce th e  selen ium - 
c o n ta in in g  p ro d u c ts .
The in d o liz in e -3 -o a rb a lc e h y d e s  (249) a re  o b ta in ed  from th e  
co rrespond ing  in d o l iz in e s  (250) by tre a tm e n t w ith  th e  V ilsm e ie r  
re a g e n t (2 5 1 ), which i s  produced by th e  r e a c t io n  of ü ,ü -d im e th y l-  
formamide and phosphory l c h lo r id e ,  to  g iv e  th e  co rrespond ing  V ilsm e ie r  
s a l t s  (4 5 ) . These a re  th en  r e a c te d  w i th  aqueous sodium hydrox ide to  
o b ta in  th e  in d o liz in e -3 -o a rb a ld e h y d e s  (249)^^^ 250^
R C H C I= N M s,
(250)
a»
(251)
R Na^OH'
C H = N M e,
(45)
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A. S tr u c tu r a l  S tu d ie s
1) N.u.Ql^ .arL Hagne,ti..Q....Rea.QnaiLQe S.p.e.Q.t.r-Q.s.Q.Qpy-
The c h a r a c t e r i s t i c  f e a t u r e  of th e  n .m .r . s p e c tr a  of in d o l-
iz in e -3 -c a rb o s e le n a ld e h y d e s  (49) i s  th e  low f i e l d  s ig n a l ,  observed  in
74th e  range 5 12.03 to  12.78 ppm , a r i s in g  from th e  ca rb o se len a ld eh y d e  
p ro to n . Indeed , t h i s  s ig n a l  i s  d e sh ie ld ed  by 1,6 to  2 .0  ppn r e l a t i v e  
to  th e  ca rb o th ia ld eh y d e  p ro to n  s ig n a l  in  th e  co rrespond ing  in d o l iz in e -  
3 - c a rb o th ia ld e h y d e s  (2 5 2 ).
R-
CHS
[ 2 5 2 1
I t  was a lso  noted t h a t  i f  a 2 -m ethy l s u b s t i tu e n t  was re p la c e d  by
a 2 - t - b u t y l  s u b s t i tu e n t ,  th i s  low f i e l d  s ig n a l experien ced  a f u r th e r
74dow nfield  s h i f t  of 0 .3  to  0 .5  ppm. This was a t t r ib u t e d  to  Van d e r  
Waal’ s des h ie ld in g  o f th e  ca rb o se len a ld eh y d e  p ro to n  by th e  2 - t - b u t y l  
s u b s t i tu e n t .
The 3“ ca rb o se len a ld eh y d e  fu n c tio n  e x e r ts  a s tro n g  d iam agnetic  
a n is o t ro p ic  d e s h ie ld in g  e f f e c t  of approx im ate ly  4 .0  ppm on th e  
p ro to n  of th e  in d o liz in e -3 -c a rb o s e le n a ld e h y d e s  (4 9 ) , as observed 
when th e  r e le v a n t  chem ical s h i f t  v a lu e s  a re  compared w ith  th o se  of a 
s u i ta b le  in d o liz in e -1 -c a rb o s e le n a ld e h y d e  (5 0 ).
‘5
,74
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2) M isce llan eo u s SDeGtrosQQPlQ Teohnia.ues
74Mass s p e c tr a  of in d o liz in e -3 -o a rb o s e le n a ld e h y d e s  (49) 
c h a r a c t e r i s t i c a l l y  g iv e  r i s e  to  c lu s t e r s  of peaks co rresp o n d in g  to  
RCHSe'*'* and RCSe'*’, and to  RC3î^‘ and RC^, th e  l a t t e r  c lu s t e r  of peaks 
a r i s in g  from th e  r e l a t i v e l y  f a c i l e  lo s s  of selenium  frcxn RCHSe*' and 
RCSe*.
The in f r a - r e d  s p e c t r a  of in d o liz in e -3 -o a rb o s e le n a ld e h y d e s  (49) 
a re  complex, b u t com parison w ith  th e  s p e c tr a  of analogous ca rb o - 
th ia ld e h y d e s  (252) en ab led  th e  s t r e tc h in g  frequency  of th e  C=Se bond
to  be id e n t i f ie d ^ ^ ^  as  be ing  in  th e  range 819 to  864 cm ^ . I t  was
a ls o  noted th a t  th e se  l i m i t  v a lu e s  d ecreased  s l i g h t l y  when th e
p o la r i ty  of th e  so lv e n t was in c re a s e d .
The u l t r a - v i o l e t / v i s i b l e  s p e c t r a  of in d o l iz in e -3 -o a rb o s e le n -
74aldehydes (49) have been found to  be very  s im i la r  to  th o se  of th e  
co rresp o n d in g  c a rb o th ia ld e h y d e s  (2 5 2 ), a lthough  th e  two broad 
a b so rp tio n  bands in  th e  v i s ib l e  re g io n  occur a t  lo n g e r  w avelength th a n  
in  th e  c a rb o th ia ld eh y d e  an a lo g u es .
These te ch n iq u es  do n o t a f fo rd  a g r e a t  deal o f s t r u c t u r a l  e v id ­
ence th e re fo re ,  a lth o u g h  s p e c t r a l  s i m i l a r i t i e s  of analogous ca rb o - 
se len a ld eh y d e  (49) and c a rb o th ia ld e h y d e  (252) compounds su g g e s t th a t  
th e re  may be s i m i l a r i t i e s  in  th e  type of bonding p re s e n t  fo r  each 
group of compounds.
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B. Boadi.ns
The most r e le v a n t  f e a t u r e  of th e  bonding of in d o l iz in e -3 -o a rb o -  
se len a ld eh y d e s  (49) i s  t h a t  th e  in d o l iz in e  system  i s  q u i t e  s t ro n g ly  
TT-electron d o n a tin g , and th a t  c o n ju g a tio n  w ith  th e  carb o se len a ld e h y d e  
fu n c tio n  i s  th e re fo re  p o s s ib le ,  as in d ic a te d  by th e  s t r u c t u r a l  
ex trem es (248) and (2 5 3 ).
C— Se
(248) (253)
The r e s u l t in g  in c re a s e  in  th e  p o la r i s a t io n  of th e  C=Se bond i s  
promoted by th e  d é lo c a l i s a t io n  of th e  p o s i t iv e  charge in to  th e  
in d o l iz in e  r in g . The ca rb o se len a ld e h y d e  fu n c tio n  i s  s t a b i l i s e d  as a 
r e s u l t ,  s in c e  th e  tendency to  po lym erise  i s  c o rre sp o n d in g ly  red u ced .
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C. S y n th e s is  Of Indo 1 i z i n e -3 -carbo se lenaldehv .des
In d o liz in e -S -c a rb o s e le n a ld e h y d e s  (49) have been p rep ared  from th e
74V ilsm e ie r  s a l t s  (45) o f th e  co rresp o n d in g  in d o l iz in e s  (250)
R
R C H C l=N M e,
(251)
(250) (45)
Na^SeH'
R
CH =NM e,
N R
CHSe
(49)
The in d o l iz in e s  (250) w ere t r e a te d  w ith  th e  V ilsm e ie r  re a g e n t 
(2 5 1 ), produced by th e  r e a c t io n  of J^,ü-dim e thylform am ide w ith  phos­
p h o ry l c h lo r id e , to  produce th e  V ilsm e ie r  s a l t s  (4 5 ) . These were th e n  
re a c te d  i a  s i t u  w ith  aqueous sodium hydrogen s e le n id e  to  a f fo rd  th e  
in d o l iz in e -3 -c a rb o s e le n a ld e h y d e s  (4 9 ) , norm ally  in  m odera te y ie ld s .  
However, in  some case s , decom p o sitio n  d uring  p u r i f i c a t i o n  c o n s id e ra b ly  
reduced th e  y ie ld s .
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D. R eac tio n s  Of In d o liz in e - l-o a rb o s e le n a ld e h v d e s
There a re  com para tiv e ly  few exam ples o f r e a c t io n s  in v o lv in g
in d o liz in e -3 -o a rb o s e le n a ld e h y d e s  ( 4 9 )» bu t they a l l  in d ic a te  th a t  th e
ca rb o se len a ld eh y d e s  r e a c t  in  a very  s im i la r  manner to  th e  analogous
ca rb o th ia ld eh y d e  compounds (2 5 2 ) . 2 ,7 -D im e th y lin d o liz in e -3 -c a rb o -
se len a ld eh y d e  (254) was reduced  by tre a tm e n t w ith  li th iu m  aluminium
h y d rid e  and aluminium c h lo r id e  to  a f fo rd  2 ,3 ,7 - t r im e th y l in d o l iz in e
74(255) i n  good y ie ld  .
Me
N Me
CHSe
(254)
LiAIH^/AICIg
Compound (254) has  a ls o  been u t i l i s e d  in  W ittig  r e a c t io n s  w ith
iso p ro p y lid e n e tr ip h e n y lp h o sp h o ra n e  and a c e ty lm e th y le n e tr ip h e n y lp h o s -
phorane, to  a f fo rd  3 - (2 ,2 -d im e th y lv in y l) -2 ,7 -d im e th y lin d o liz in e  (2 5 6 ),
74and 2 ,7 -d im e th y l-3 - (3 -o x o b u t -1 -e n y l) in d o liz in e  (2 5 7 ), r e s p e c t iv e ly
Ph^P=CMe^
Me
N Me
CHSe
(254) Ph P = C H —C - M ^  ®  I I
Me
Me
C H =C M e,
(256)
CH —CH — C—Me 
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PART B 
DISCUSSION
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1 • S y n th e s is  Of S e le n iu m -T ra n sfe r R eagents
A. S yn thesis . .Of PhenvInhosphonoselenoio  _D iohloride (25 8)
T e rv a le n t ^ lo sp h in e s  r e a c te d  sm oothly w ith  e lem en ta l selen ium  to  
a f fo rd  s u b s t i tu te d  phosphine s e le n id e s ,  (s e e  In tro d u c t io n  (S e c t io n
I.A . 1 )b ) ) .  T his p ro ced u re  was employed to  p rep are  pheryIphosphono- 
s e le n o ic  d ic h lo r id e  (2 5 8 ). D iehl o rophenylphosphine (259) r e a c te d  w i th  
e lem en ta l selenium  a t  te m p e ra tu re s  of approx im ate ly  175^0, to  g iv e  
compound (258 ).
S e
I7C IIPhPCIg + Se^ Ph PCIg
( 2 5 9 )  ( 2 5 8 )
A 20^ ex ce ss  of selenium  was employed, and th e  r e s id u a l  selen ium  
l a t e r  weighed and th e  y ie ld  c a lc u la te d .  The r e a c t io n  was found to  
proceed  v i r t u a l l y  q u a n t i t a t iv e l y .  The r e s u l t in g  p roduct was d is s o lv e d  
i n  a p rede te rm ined  volume of an a p p ro p r ia te  so lv e n t to  o b ta in  a s to c k  
s o lu t io n  of known m o la r i ty . T h is  s im p l if ie d  ea se  of h an d lin g  and use 
o f th e  re a g e n t during  su b seq u en t r e a c t io n s .  D esp ite  th e  compound 
b eing  s e n s i t i v e  to  m o is tu re  and l i g h t ,  i t  could s t i l l  be used a f t e r  a 
p e rio d  of one month, p rov ided  t h a t  i t  had been s to re d  under n itro g e n  
and in  th e  dark .
Phenylphosphonoseleno ic d ic h lo r id e  (258) was th e  f i r s t  choice of
re a g e n t fo r  th e  work embodied i n  t h i s  th e s i s ,  and was chosen fo r  th e
fo llo w in g  re a so n s . P rev io u s  ex p erim en ts  comparing th e  th io n a tin g
171r e a c t iv i ty  of analogous phosphorus re a g e n ts  had in d ic a te d  th a t  
c h lo r in e  s u b s t i tu e n ts  in c re a s e d  t h i s  r e a c t i v i ty .  I t  was th e re f o r e
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proposed th a t  th e  p resence  of c h lo r in e  s u b s t i tu e n ts  in  th e  chosen 
re a g e n t would in c re a s e  th e  s e le n a t in g  r e a c t iv i ty  of th e  re a g e n t. The 
p h e ry l s u b s t i tu e n t  was chosen to  p rov ide a degree of s t a b i l i t y  to  th e  
re a g e n t, so t h a t  i t  m igh t be more e a s i ly  handled.
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B. S y n th e s is  of D iphenv lpho sphonasslenoio  Chloride.-1 2 6 0.)_
In  S e c t io n  I .A . , i t  was proposed t h a t  th e  p resence of c h lo r in e  
s u b s t i tu e n ts  would in c re a s e  th e  s e le n a t in g  r e a c t iv i ty  of se len ium - 
c o n ta in in g  phosphorus(V ) compounds. T h is was borne ou t when th e  
s y n th e s is  o f d ip h e r^ lp h o sp h o n o se le n o ic  c h lo r id e  (260) from  o h lo ro -  
d ipheny lpho sph ine (261) was c a r r i e d  o u t. A com parable r e a c t io n  
p rocedure of h e a t in g  th e  phosphine (260) w ith  selenium  a ffo rd e d  only  
some 67% o f th e  d e s ire d  re a g e n t (2 6 0 ), a long  w ith  335^  o f th e  u n re a c te d  
phosphine (2 6 1 ), a f t e r  a com parable r e a c t io n  tim e.
Se
185 I IPh^PCI + Se^ ------------ ^  Ph^PCI
( 2 6 1 ) ( 2 6 0 )
The s y n th e s is  of t h i s  re a g e n t was th e re fo re  n o t ta k en  any 
f u r th e r .
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C. S y n th e s is  of, .Tétram éthylam monium S elenocvanate  (262)
And I t s  R eac tio n  W ith D ie h loroD henylphosphine (259)
I t  was proposed t h a t  an  a l t e r n a t i v e  method of producing  a ^P=Se 
re a g e n t m igh t be to  allow  a s e le n o c v a n a te  to  r e a c t  w ith  d ic h lo ro -  
phenylphosphine (2 5 9 ). However, th e  r e a d ily  a v a i la b le  po tassium  
se len o c y an a te  (263) i s  h y g ro sc o p ic , and i t  was th e r e f o r e  re a c te d  w i th  
tétraméthylam monium c h lo r id e  (264) in  re f lu x in g  a c e t o n i t r i l e  to  a f fo rd  
th e  non-hygro scop ic  tétram éthylam m onium  se len o c y an a te  (2 6 2 ).
Me^N’^ CI + K'^SeCN -----—— >  Me^N^SeCN + K'^Cl" i
(2 6 4 )  (2 6 3 )  (2 6 2 )
When an amount s l i g h t ly  in  e x c e ss  of two mole e q u iv a le n ts  of
tétraméthylammonium selenocïyanate  (262) was re a c te d  a t  am bient
te m p era tu re  in  a c e t o n i t r i l e  w ith  d ioh lo ro p h ery  1phosphine (259) u nder
sc ru p u lo u s ly  dry c o n d itio n s , th e  s o lu t io n  tu rn ed  y e llo w , and a w h ite
s o l id  was p r e c ip i ta te d .  I f  th e  s l i g h t e s t  tra c e  of m o is tu re  was
p re s e n t however, th e n  im m edia te d e p o s it io n  of selenium  o ccu rred .
The p r e c i p i t a t e  was a n a ly se d  by carbon-13 n .m .r . ,  and th e
r e s u l t in g  spectrum  in d ic a te d  t h a t  on ly one environm ent cf carbon  was
251p re s e n t,  s in c e  a s in g le t  s ig n a l  was observed a t  6 57.87 ppm . T h is  
s ig n a l was s p l i t  in to  a f in e  t r i p l e t ,  in d ic a t in g  th e  p resence  of a 
r o t a t i o n a l ly  sym m e trical n i t ro g e n  atom. The p r e c i p i t a t e  was te s t e d  
f o r  th e  p resence of c h lo r id e  io n s  u sing  s i l v e r  n i t r a t e  s o lu t io n ,  and 
th e  t e s t  proved p o s i t iv e .  A t e s t  f o r  th e  presence of cyanide io n s  
u s in g  f e r ro u s  su lp h a te  s o lu t io n ,  in  case  tétraméthylammonium cyanide
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had been form ed, proved n e g a t iv e .  These o b se rv a tio n s  in d ic a te  th a t  
th e  w h ite  s o l id  i s  tétram éthylam m onium  c h lo rid e  (2 6 4 ). T h is  su g g e s ts  
t h a t  th e  re a g e n t (265) i s  form ed in  a c e t o n i t r i l e  under th e se  r e a c t io n  
c o n d itio n s , alth o u g h  to  w ha t e x te n t  i s  u n c e r ta in ,  fo r  th e re  may be an  
e q u ilib r iu m  p re se n t.
PhPCy + 2 Me^N'^SeCN PhPlSeCN)^ + 2 Me^N'^Cf
(2 5 9 )  (2 6 2 )  (2 6 5 )  (2 6 4 )
The proposed mechanism fo r  t h i s  would in v o lv e  th e  se le n o c y a n a te  
an io n  undergoing n u o le o p h il ic  a t t a c k  upon th e  phosphorus atom, th e re b y
d is p la c in g  a c h lo r id e  an io n . T h is  would th e n  be re p e a te d  to  a f fo rd
re a g e n t (265).
(»CI (SeCN)I  I _ . _ _ _PhP4— SeCN --------^  PhP SeCN  PhP(SeCN),
I c 'Cl >C1
(2 5 8 )  (2 6 5 )
The se len o c y an a te  an io n  i s  am b iden ta te  however, and so cou ld  be
bonded to  th e  phosphorus atom th ro u g i th e  selenium  atom o r th e
252n itro g e n  atom. A ccording to  HSAB th eo ry  , th e  p resence of c h lo r in e  
s u b s t i tu e n ts  in  phosphine (259) c o n fe rs  "hard" c h a r a c te r  upon th e  
phosphorus atom, and so th e  re a g e n t formed would perhap s  be more 
l i k e l y  to  c o n ta in  p h o sp h o ru s-n itro g e n  bonds, r a th e r  th a n  phosphorus- 
selen ium  bonds, and so m igh t p o sse ss  th e  s t r u c tu r e  (2 6 6 ), bu t w ith  an 
e q u ilib r iu m  c o n c e n tra tio n  of compound (267) p re s e n t .  T his compound
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may th en  undergo rea rran g em en t to  th e  e n e rg e t ic a l ly  more fa v o u ra b le
phosphorus(V ) compound (2 6 8 ), th e re b y  d is p la c in g  th e  e q u ilib riu m
between compounds (266) and (267) to  th e  r ig h t .  These p ro p o sa ls  a r e
25Sc o n s is te n t  w ith  th e  f in d in g s  o f S te c  e t  a l .  , who d e s c r ib e s  th e  
rearrangem ent of d ia lk y Ip h o s p h o ro is o se le n o c y a n a tid ite s  (269) to  
d ia lk y Ip h o sp h o ro se le n o a te s  (270) upon a ttem p ted  d i s t i l l a t i o n .
O 
C269)
Accempced 
Distillation
(2 7 0 )
O ther e q u i l i b r i a  to  form compounds (271) and (272) a r e  a lso  
p o s s ib le .
NCSe
PhP
^NCSe
(2 6 6 )
SeCN
PhP\ NCSe 
(2 6 7 )
PhP/
SeCN
\ e C N  
(2 7 1 )
/
ÇN
PhP==Se
NCSe
(2 6 8 )
/\
ÇN
PhP=SeISeCN
(2 7 2 )
I t  was th e re f o r e  proposed t h a t  compound (268) c o n ta in in g  th e  P=Se
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group may be formed i n  s o lu t io n  under th e  g iv en  r e a c t io n  c o n d itio n s , 
and th a t  i t  may undergo oxygen-selen ium  exchange r e a c t io n s  jjn  s i t u  
w ith  carbony l compounds.
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2 . P re p a ra t io n  Of Carbonyl CoDiDQunds
A. P re p a ra t io n  Of ( 1 .2--D ithiol-3~y.lidene).oarbaI.de.hY 4og (273)
The ( 1 ,2 - D i th io l - 3 - y l id e n e )G arbaldehydes (273 a -d ) re q u ire d  in  
t h i s  3 tu(fy were p rep ared  by e s ta b l is h e d  m e thods, from th e  c o r re s ­
ponding 1 ,2 -d ith io ly liu m  p e rc h lo r a te  s a l t s  (2 7 4 ), v ia  th e  V ilsm e ie r  
s a l t s  (2 7 5 )7 5 ,2 0 7 ,2 2 0 ,2 2 3 ,2 5 4 ,
CH R'
C IO :
(2 7 4 )
NMe,
(2 7 5 )
R' R'
R
s— s o
(2 7 3 )
R R r3 R eferences
a) Ph H H 75
b) t-B u H H 220,223
c) Ph H Me 75
d) H -(CHg >3- 207,254
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B. P re p a ra t io n  Of I n d o l i z in e - 3-c a rb a ld e h y des (276)
1) P re p a ra t io n  Of Pvridin ium  Bromide S a l t a  (277)
Three pyridin ium  b ra n id e  s a l t s  (277) were p rep ared  acc o rd in g  to
e s ta b l is h e d  m e thods, (277 In  a d d i t io n ,  s a l t s  (277 d-g)
w ere sy n th e s is e d  by re a c t io n  o f th e  a p p ro p r ia te  p y rid in e  (278) w ith
1 t1 -b rom o-3 ;3 -d im e thy lbu tan -2 -one  (279 : R =Bu ) in  r e f lu x in g  ac e to n e .
CH R
( 2 7 8 )
n  ? \ , 
+ Bri-CH^CR
( 2 7 9 )
CH R
Br" 2
( 2 7 7 )
R R^ R eferences
a) Me H H Me 255
b) t-B u H H Me 74
c) t-B u Me H H 74
d) t-B u H Me H
e) t-B u - ( CHp) H
f) t —Bu - ( C H ,) , - H
g) t-B u -(C H gjy- H
The r e l a t i v e ly  h igh  m e l t in g  p o in ts  of th e se  compounds, and t h e i r  
ease  of s o lu b i l i ty  in  w a te r , w ere f a c t o r s  c o n s is te n t  w ith  th e  
s t r u c tu r e  (2 7 7 ). Compounds (277 d -g ) were a n a ly se d , and found to  be 
c o n s is te n t  w ith  s t r u c tu r e  (2 7 7 ). The mass s p e c tr a l  d a ta  (Appendix 3) 
in d ic a te  an absence of m o lecu la r io n  peaks which may be exp ec ted  o f a 
s a l t .  The p ro to n  n .m .r .  s p e c tr a  e x h ib i te d  a l l  th e  a p p ro p r ia te  
s ig n a ls ,  a s  d id  th e  carbon-13 n .m .r .  s p e c tr a ,  in c lu d in g  th e  d i s t i n c t ­
iv e  carbony l carbon  s ig n a ls  between 6 206.48 ppm and 206.98 ppm.
These s ig n a ls  have t h e i r  s h i f t  v a lu e s  ta b u la te d  i n  A ppendices 1 and 2 
r e s p e c t iv e ly .
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2) P re p a ra t io n  Of In doH zliL es  (_2B0_1
I n d o liz in e s  (280 a -c )  w ere p rep a red  acco rd in g  t o  e s ta b l is h e d  
p r o c e d u r e s ' ^ ^ w h i l e  a  f u r t h e r  th re e  in d o l iz in e s  (280 d , f ,g )  w ere 
sy n th e s is e d  by s t e a m - d i s t i l l a t i o n  i n  th e  presence of sodium hydrogen 
c a rb o n a te . When th e  s y n th e s is  o f in d o l iz in e  (280e) was a ttem p ted  
however, no d is c e rn a b le  p rod u c t was o b ta in e d . I t  i s  su g g es ted  th a t  
t h i s  i s  because th e  r in g  s t r a i n  induced  by th e  c y c l is a t io n  re q u ire d  to  
form th e  fu s e d - r in g  system  i s  to o  g r e a t  to  perm it c y c l is a t i o n  to  
o ccu r.
R
R CH
Br" 2
(277)
Proton
Abstraction
CHr-CR
R"
H O
(280)
r3 R^ R eferences
a) Me H H Me 255b) t-B u a H Me 74
c) t-B u Me H H 74d) t-B u H Me H
e) t-B u -(CH.)p“ af) t-B u -(CH, ag) t-B u -(CHg^ 4- a
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In d o l iz in e s  (280) a r e  u s u a lly  r e l a t i v e ly  low m e ltin g  compounds, 
and may som etim es be u n s ta b le  in  a i r .  However, a n a ly se s  c a r r ie d  o u t 
on compounds (280 d , f ,g )  w ere found to  be c o n s is te n t  w ith  th e  p roposed 
s t r u c tu r e .  The mass s p e c t r a l  d a ta  (Appendix 3) in d ic a te  th a t  th e  
m o lecu la r io n  peaks w ere p re s e n t ,  bu t th e  n .m .r . s p e c tr a  w ere no t 
q u i t e  so in fo rm a tiv e  as  m igh t have been expec ted , s in c e  th e  p ro to n  
n .m .r . s ig n a ls  w ere no t alw ays com ple te ly  re so lv e d , w h ils t  th e  down­
f i e l d  ca rb o n -13 n .m .r . s ig n a l s  w ere o f te n  too  weak to  id e n t i f y  a g a in s t  
th e  background n o ise . N e v e r th e le s s , ass ignm en ts  cou ld  be made in  m ost 
c a se s , and a r e  g iv en  i n  A ppendices 1 and 2.
3) .Prepar a t i o n Qf , I ndol i z i n a -3 - c a rbal dehyda.s. iZI.3)
In d o liz in e -3 -c a rb a ld e h y d e  (276a) was p rep ared  by e s ta b l is h e d
procedures '249
(2 8 0 )
R
-HCiC l~ C H = N M e^
(2 5 1 )
R
R"
HO
R
R
R -HNM e,
HO-CH— NMe, CHO
( 2 7 6 )
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R R^ R" r5 R eference
a ) Me H H Me H 249
b) t-B u H H Me H
c) t-B u Me H H H
d) t-B u H Me H H
f) t —Bu -(C H p)q- H H
s) t-B u -CCh2 ) 3 . H H
Compounds (276 b - d , f ,g )  w ere sy n th e s is e d  by th e  V ilsm e ie r  
r e a c t io n  of th e  a p p ro p r ia te  in d o l iz in e  bases (280) w ith  th e  iminium 
s a l t  (2 5 1 ), which was p rep a red  f r a n  j^ o sp h o ry l c h lo r id e  and 
Ü ,ü-d im e thylform am ide, a t  am bient tem p era tu re . The r e s u l t in g  
V ilsm e ie r  s a l t s  (2 8 1 ), re a c te d  to  g iv e  th e  d e s ire d  a ld eh y d e s  (276 
b - d ,f ,g )  in  good y ie ld .
S ev era l o th e r  in d o liz in e -3 -c a rb a ld e h y d e  compounds (276 h-1) w ere 
g en ero u sly  made a v a i la b le  f o r  carbon-13 n .m .r . sam ples by o th e r  
w orkers. A wide v a r ie ty  of d a ta  was th e re fo re  a v a i la b le  f o r  
e v a lu a t io n .
R^ R r3 r" R^
h) Me H H H H
i) t-B u H H H H
j) Me Me H H Hk) Me H H H Me
1) Me H Me H H
The mass s p e c tr a  of compounds (276 b - d , f ,g )  a l l  e x h ib i t  a 
m o lecu la r io n  peak (se e  Appendix 3 fo r  d a ta ) .  The p ro to n  n .m .r . 
s p e c tr a  of a l l  th e  carba ldehyde compounds (276) (Appendix 1) in d ic a te  
t h a t  th e  carba ldehyde p ro to n  s ig n a l  i s  to  be observed between 6 10.17 
ppn and 10.34 ppm, and t h a t  th e  p ro to n  (Hj^  in  th e  case  of compounds 
(276 f ,g ) )  i s  c h a r a c t e r i s t i c a l l y  observed  between 6 9 .68  ppm and 10.02 
ppm. These l a t t e r  s ig n a ls  a r e  c o n s id e ra b ly  f u r th e r  dow nfield  th a n  th e
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s ig n a ls  of th e  o th e r  r in g  p ro to n s , bu t u p f ie ld  of th e  carba ldehyde 
p ro to n  s ig n a ls .
The carba ldehyde carbon  s ig n a ls  (Appendix 2) occur between 6 
174.46 ppm and 178.53 ppm, and th e  coup lin g  c o n s ta n ts  occur
between 169.6 Hz and 174.3 Hz. With th e  e x ce p tio n  of compound (276g), 
th e  s ig n a ls  co rresp o n d in g  t o  th e  carbon atom (C^^ in  th e  case  of 
compound (2 7 6 f))  a r e  to  be found  f u r t h e r  u p f ie ld  th a n  th e  s ig n a ls  of 
a l l  o th e r  r in g  carbon  atom s, w ith  ^ co u p lin g  c o n s ta n ts  of betw een 
172.8 Hz and 176.9 Hz where a p p ro p r ia te .  However, th e  l a r g e s t  ^ 
co u p lin g  c o n s ta n t i s  c h a r a c t e r i s t i c a l l y  observed f o r  th e  carbon  
atom (C^ in  th e  case of compounds (2 7 6 f ,g ))  w ith  v a lu e s  between 186.3 
Hz and 191.8 Hz. In  a d d i t io n ,  a p a r t  from carbaldehyde (276k), t h i s  
s ig n a l  occu rs  f u r th e r  dow nfie ld  th a n  th o se  of a l l  th e  o th e r  u n s u b s t i t ­
u te d  r in g  carbon  atoms. The ^ co u p lin g  c o n s ta n ts  of th e  ran  a i  n i ng 
r in g  carbon  atoms occur in  th e  range 160.3 Hz to  168.1 Hz, a lth o u g h  
they cou ld  no t be m easured f o r  compound (276 a ) .
One f i n a l  p o in t to  n o te  re g a rd in g  th e  c a rb o n -13 n .m .r . d a ta  i s  
th e  s im i la r i ty  in  c h a n ic a l s h i f t  v a lu e s ,  and hence environm ent, o f a l l  
th e  carbon atoms (C^ in  th e  case  of compounds (276 f , g ) ) ,  s in c e  th e  
s ig n a ls  a re  observed between 6 120.14 ppm and 121.63 ppm, w ith  th e  
p ro v iso  th a t  th e  s ig n a l was n o t observed  f o r  compound (2 7 6 i) .
-  94 -
3 . R eac tio n s  In v o lv in g  S e le n iu m -T ra n sfe r R eagen ts.
A. S v n th e s is  Of 1 .6 a \^ -> D ith ia -6 -se le n a D e n ta le n e s  (282)
One member of t h i s  group o f compounds h as  been p re v io u s ly  p re ­
pared , 2 ,4 -d ip h e n y l-1 ,6 a A .^ -d ith ia -6 -se le n a p e n ta le n e  (56)^^*^^ , and 
i t  was observed  to  be s t a b l e .  I t  was th e re fo re  d ecid ed  to  p re p a re  
th e se  compounds frcm th e  ca rb a ld eh y d e s  (273) u s in g  phenylphosphono­
s e le n o ic  d ic h io r id e  (2 5 8 ).
The r e a c t io n  o f ( 1 ,2 -d i th io l -3 ~ y l id e n e )c a rb a ld e h y d e s  (273) w ith  
pheny lphosphonoseleno ic d ic h io r id e  (258) was c a r r ie d  o u t under s e v e ra l  
d i f f e r e n t  s e t s  o f c o n d itio n s  i n  o rd e r  to  f in d  th e  most advantageous 
c o n d itio n s .
R' R' R
R
O
SeII
PhPCl
Solvent R
A ■Se
(2 7 3 )
Compound (273a) was used f o r  t h i s  purpose. I t  was h e a te d  i n  
benzene a t  r e f lu x  f o r  f i f t e e n  m in u tes , in  one experim ent w ith  a  150% 
ex ce ss  o f th e  re a g e n t (2 5 8 ), in  a n o th e r  w ith  a  100% e x c e ss . I t  was 
found t h a t  w ith  a  150% e x c e ss  o f th e  re a g e n t (2 5 8 ), th e  y i e ld  of 
1 ,6 a A ^ -d ith ia -6 -s e le n a p e n ta le n e  (282a) (45.6%) was g r e a te r  th a n  t h a t  
o b ta in e d  (42.1%) when only a  100% ex ce ss  was used . I t  was th e r e f o r e
(2 5 8 ) (2 8  2)
Rl r2 r3
a) Ph H H
b) t —Bu H H Î1c) Ph H Me 1
d) H -(CHg ^3’ j
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dec ided  to  use a 150% e x c e ss  of re a g e n t (258) throughou t th e se  
experim en ts.
O ther v a r ia b le s  of th e  r e a c t io n  c o n d itio n s  in v e s t ig a te d  w ere th e  
r e a c t io n  tim es  and te m p e ra tu re s . I t  was co n sid ered  p o s s ib le  th a t  th e  
ta n p e ra tu re  of r e f lu x in g  benzene was to o  sev e re  f o r  th e  s t a b i l i t y  of 
th e se  se le n iu m -c o n ta in in g  compounds, and so th e  experim ent was c a r r i e d  
o u t u sing  d i ch i o r cm e th an e  a s  an  a l t e r n a t iv e  so lv e n t. T his low er 
r e a c t io n  te m p era tu re  m eant t h a t  th e  r e a c t io n  tim e had to  be in c re a s e d  
to  n in e ty  m in u tes . The y i e ld  of compound (282a) a f t e r  w ork-up was 
found to  be 50.5% -  a s l i g h t  im provem ent. I t  was th e re f o r e  d ecided  
t h a t  a l l  experim en ts be c a r r i e d  ou t in  both benzene and in  d ic h lo ro -  
m e thane, in  o rd e r  to  see  i f  t h i s  r e s u l t  was g en era l fo r  th e  c a se s  
s tu d ie d .
Compound (273b) was a llo w ed  to  r e a c t  w ith  pheny lpho sphonoseleno ic  
d ic h io r id e  (258) in  benzene, and a ls o  in  d ic h io r  cm e th an e . A fte r  
id e n t i c a l  r e a c t io n  tim es  to  th o se  p re v io u s ly  employed, th e  m ix tu re s  
w ere w orked-up a s  b e fo re , and th e  r e s u l t s  appeared to  confirm  th o se  
o b ta in ed  fo r  compound (2 7 3 a ), a lth o u g h  th e  y ie ld  when using  d ic h lo ro -  
methane, 51.1%, was v i r t u a l l y  id e n t i c a l  to  th a t  o b ta in ed  when u sin g  
benzene, 50.5%.
The p ropo sal was f i n a l l y  re fu te d  when compound (273c) was t r e a t e d  
in  a s im i la r  fa sh io n , s in c e  th e  y ie ld  of th e  r e a c t io n  em ploying 
benzene was, a t  70.2%, c o n s id e ra b ly  b e t t e r  th an  th a t  of th e  r e a c t io n  
u s in g  d i ch i o r ome th an e , 58.5%. I t  th e re f o r e  seems th a t  th e  c o n d i t io n s  
n ece ssa ry  fo r  optimum y ie ld s  v a ry  frcm compound to  compound, and they  
have to  be de term ined  in d iv id u a l ly .
The f i n a l  r e a c t io n  of t h i s  type  in v o lv ed  th e  d i t h io le  c a rb a ld e ­
hyde (273d). T his compound a ls o  gave an improved y ie ld  when r e a c te d  
in  di chi or cm e thane (39.9%) a s  opposed to  benzene (32.1% ). The problem
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w ith  t h i s  r e a c t io n  was t h a t  th e  co rrespond ing  1,6,6aX  - t r i t h i a p e n t -  
a le n e  (283d) was a ls o  form ed d u rin g  th e  course of th e  r e a c t io n ,  and i t  
proved im p o ss ib le  to  i s o l a t e  th e  d e s ire d  product (282d) from t h i s  
im p u rity . The v a lu e s  s ta t e d  f o r  th e  y ie ld s  a re  th e re f o r e  f o r  th e  
combined y ie ld s  of bo th  compounds, and th u s  a re  not com parable w ith
th e  p re v io u s  r e a c t io n s .
(2 8 3 )
The mechanism p o s tu la te d  f o r  th e se  r e a c t io n s  in v o lv e s  a f o u r -
c e n t r e  c y c l ic  in te rm e d ia te ,  a s  i s  th e  case  in  th e  W i t t ig  r e a c t io n  f o r
th e  s y n th e s is  of a lk e n e s .
Se”
PhPCIPhPCI,
(2 5 8 )
S  O  PCI,
(2 7 3 )
-PhPC I
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The phery lpho  sph onosel en o ic  d ic h lo r id e  (258) may be p o la r is e d  a s  
shown, and so th e  phosphorus atom may undergo n u d e o p h i l ic  a t t a c k  by 
th e  carba ldehyde oxygen atom to  g iv e  a fo u r - c e n t re  q y c lic  in te rm e d ia te
(2 8 4 ). Loss of th e  co rre sp o n d in g  phosphine oxide and subsequen t 
c y c l is a t io n  a f fo rd s  th e  1,6 a ^ - d i th ia - 6 - s e l e n a p e n ta le n e s  (2 8 2 ).
The r e s u l t in g  s e le n a p e n ta le n e s  (282) a r e  h ig h ly  co lo u re d , p u rp le  
c r y s t a l l i n e  s o l id s ,  which shew sh arp  m e ltin g  p o in ts .  The m ass s p e c tr a  
of th e se  com pounds (282) showed a c h a r a c t e r i s t i c  m o lecu la r io n  
c l u s t e r  r e s u l t in g  from th e  p re sen ce  of th e  v a r io u s  is o to p e s  of 
selen ium .
31 9%
13 9%12-5%
7-9%6-9%
,+ 3 ~~4I - 2+  2 N
( 2 8 2 c )
T his c lu s t e r  in d ic a t e s  th a t  no t only a re  th e  is o to p e s  of th e  
m o lecu la r io n  p re s e n t, bu t so a r e  th o se  of th e  s t r u c tu r e  The
mass s p e c t r a l  d a ta  a r e  l i s t e d  in  Appendix 3.
The p ro to n  n .m .r . s p e c t r a  (Appendix 1) show th a t  th e  p ro to n  
s ig n a ls  ( in  th e  case  of compound (282d)) occur between 6 9 .43 ppm 
and 10.23 ppm, and a re  th e r e f o r e  f u r th e r  dow nfield th a n  th e  v a lu e s  f o r
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in  th e  co rresp o n d in g  1 ,6 ,6 a A ^ - t r i th ia p e n ta le n e s  (2 8 3 ), which o ccu r 
in  th e  range <5 8 .6 0  ppm to  9 .36  ppm^5*^56,207_ O ther p ro to n  and 
s u b s t i tu e n t  chem ical s h i f t s  w ere observed to  be only s l i g h t l y  f u r th e r  
dow nfie ld  compared w i th  th e  t r i th ia p e n ta l e n e s  (283)• The p ro to n  
n .m .r .  sp ec tru n  of compound (282d) d id  in d ic a te  th a t  th e  analogous 
t r i th ia p e n ta l e n e  (283d) was p re s e n t ,  th ereb y  confirm ing  th e  mass 
s p e c t r a l  and m ic ro a n a ly t ic a l  ev id en ce , which suggested  t h a t  approx­
im a te ly  155S im p u rity  of t r i t h ia p e n ta l e n e  (283d) was p re s e n t .
The p re p a ra t io n  of 1,6 a X ^ ~ d ith ia -6 -se le n a p e n ta le n e s  (282) fr<xn 
ca rb a ld eh y d es  (273) u s in g  phenylpho sphonoseleno ic  d ic h lo r id e  (258) was 
th e re f o r e  s u c c e s s fu l .  Compounds (282) were o b ta in ed  i n  m odera te  to  
good y ie ld s ,  u s in g  a  sim ple p ro ced u re  and m ild  c o n d itio n s .
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B. S y n th e s is  Of Indolizine-^-carbo3elenaldehvdes__X 2.85)
S ev e ra l in d o liz in e -3 -o a rb o s e le n a ld e h y des (285 a - c , j )  had been
p re v io u s ly  p rep ared  d i r e c t ly  frcm th e  co rrespond ing  in d o l iz in e s  (280
74a - c , j )  u s in g  aqueous sodium hydrox ide . The in d o l iz in e  r in g  system  
was known to  be a ^ - e le c t r o n  donor, and th e re fo re  to  s t a b i l i s e  th e  
carbo s a le  n a l dehy de fu n c tio n . I t  was th e re fo re  decided to  p re p a re  
th e se  compounds u sing  pheny lpho sphonoseleno ic  d ic h lo r id e  (2 5 8 ).
In d o liz in e -3 -c a rb a ld e h y d e s  (276 a - d , f ,g )  w ere allow ed to  r e a c t  
w ith  a 50$ ex ce ss  of p h ery lp h o sp h o n o se len o ic  d ic h lo r id e  (258) in  
d ic h io r  cm e thane a t  am bient te m p e ra tu re  fo r  te n  m in u tes . These m ild  
c o n d it io n s  proved to  be s u f f i c i e n t  to  b rin g  about com plete r e a c t io n  of 
th e  ca rb a ld eh y des (2 7 6 ). The r e s u l t in g  r e a c t io n  m ix tu re s  c o n ta in in g  
th e  c a rb o se len a ld e h y des (285 a - d , f ,g )  were worked-up u sing  a s  m ild  
c o n d it io n s  as p o s s ib le ,  and i n  re d u c e d - l ig h t  c o n d itio n s , in  an a ttem p t 
to  m inim ise th e  decom po sition  of th e  ca rbo s e l e nal dehy des (285 ).
C H O
R
(2 7 6 )
Se
I!PhPCl
(2 5 8 )
RT
CHSe
(2 8 5 )
r’ r2 R^
a) Me H H Me
b) t-B u H H Me
c) t-B u Me H H
d) t-B u H Me H
f) t-B u -(CH. )g"" H
s) t-B u -(CHg H
j ) Me Me H H
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The proposed mechanism i s  ana logous to  th a t  d e sc r ib e d  in  S e c t io n  
3 .A ., but w ith  a d i f f e r e n t  s u b s t r a te .
Se
phpcy
(2 5 8 )
Se
Ph%C,,
(2 7 6 )
(2 8 6 )
YPhPCI K
C H = S e
(28  5)
N u c leo p h ilic  a t t a c k  by th e  oxygen atom on th e  p h o s^ io ru s  atom 
produces th e  fo u r - c e n t re  c y c l ic  in te rm e d ia te  (2 8 6 ), Subsequent 
e l im in a t io n  of d ic h lo ro p h e iy lp h o sp h in e  oxide th e n  a f fo rd s  th e  observed  
i  n d o liz  in e -3 -c a rb o  s e le  naldehy de s  (285 ).
These c a rb o se le n a ld e h y des (285) a r e  g reen  in  s o lu t io n ,  and th e
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s o l id s  a re  h ig h ly  c o lo u re d , ra n g in g  f r a n  ochre t h r o u ^  g reen  to  p u rp le
i n  c o lo u r. Although th e  m e l t in g  p o in ts  appeared to  be q u i t e  sh arp ,
m e l t in g  over a  2^C range a t  m ost, th e  compounds (285) appeared  to
decompose s l ig h t ly  a  few d e g re e s  below th e  observed m e l t in g  p o in t .
Y ie lds v a r ie d  between 31.8% and 72.4%, and may be compared w ith  th e
y ie ld s  o b ta in ed  when th e  ca rb o se le n a ld e h y des (285) were p rep a red
d i r e c t ly  f ra n  th e  co rre sp o n d in g  in d o l iz in e s  (280) u s in g  aqueous sodium
74hydrogen s e l e n i de a s  th e  re a g e n t . The y ie ld  of compound (285b)
(72.4%) i s  s ig n i f i c a n t ly  g r e a t e r  th a n  p re v io u s ly  o b ta in e d , even when
th e  o v e ra l l  y ie ld  from th e  in d o l iz in e  (280b) (62.6%) i s  c o n s id e re d .
The y ie ld s  of carbo s e l  e n a l dehy des  (285 a, c) a re  s l i g h t ly  l e s s  th a n
74p re v io u s ly  o b ta in e d  , how ever. T h ere fo re , a lthough  th e  re a g e n t (258) 
i s  more e f f i c i e n t  f o r  p re p a r in g  c e r t a in  in d o liz  in e -3 -c a rb o  s e le n a ld e ­
hy des (2 8 5 ), i t  may no t alw ays be so.
The mass s p e c tr a l  d a ta  (Appendix 3) in d ic a te d  t h a t  th e  m o lecu la r 
io n  peaks due to  th e  selenium  is o to p e s  w ere p re s e n t.  O ften , a s  i s  th e  
case fo r  compound (285c) shown h e re , th e  peak i s  th e  most in te n s e
in  th e  m o lecu la r io n  c l u s t e r .
25-1%
23-0% !
15-3%
-5%
8 -2%7-7%
4-9%
1+ 52 -3 4M4-2 4"
( 2 8 5 c )
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The p ro to n  n .m .r , s p e c t r a  of a l l  th e  carbo s e l  en a l dehy des (285)
74(Appendix 1 ) , in c lu d in g  compound (285 j) , showed t h a t  th e  chem ical
s h i f t s  of th e  CHSe group o ccu rred  between 6 12,09 ppm and 12.78 pptn. 
These s ig n a ls  a re  f a r  dow nfie ld  when compared w i th  th o se  of th e  CHS 
group in  th e  co rresp o n d in g  ca rb o th ia ld e h y d e s  (2 8 7 ), which occur 
be tw een 6 10.38 ppm and 10.95 ppra^^^, and th o se  of th e  CHO group i n  
th e  ca rb a ld eh y des (2 7 6 ), w hich occur between 6 10.17 ppm and 10.34 
ppm. The chem ical s h i f t s  of th e  H  ^ p ro to n s  (H^ in  th e  case of 
compounds (285 f ,g ) )  a r e  co m p ara tiv e ly  f a r  dow nfield when compared 
w ith  o th e r  r in g  p ro to n s , and occur in  th e  range 6 11.80 ppm to  12.36 
ppm. These s ig n a ls  appeared  u p f ie ld  of th e  c a rb o se len a ld e h y de p ro to n  
s ig n a ls  in  a l l  of th e  c a se s  exam ined. This p a r a l l e l s  th e  o b s e rv a tio n s  
made re g a rd in g  in d o l i z in e - 3 - o a r b a ldehydes (276).
The s o l u b i l i t i e s  of th e  ca rbo s e le  naldehy de s (285) in  d e u te ra te d  
tr ic h lo rc m e th a n e  was poor, and s a tu r a te d  s o lu t io n s ,  o f te n  c o n s id e ra b ly  
l e s s  th a n  0.4M, w ere used. Indeed , th e  compound (285g) was a ls o  run  
i n  d e u te ra te d  d ic h lo r  cm e th a n e , g iv in g  very  s im i la r  chem ical s h i f t  
v a lu e s , but p roving  to  be no more s u i ta b le  w ith  re g a rd s  to  s o lu b i l ­
i t y .  C onsequently, a t te m p ts  to  o b ta in  carbon-13 n .m .r . s p e c tr a  proved 
d i f f i c u l t ,  ( se e  Appendix 2 ) ,  and i t  sometimes proved im p o ss ib le  to  
observe  a l l  th e  q u a te rn a ry  carbon  s ig n a ls  (285c), o r even o b ta in  a 
spectrum  a t  a l l ,  (285g). Once ag a in , d e u te ra te d  d ic h lo r  cm e th an e  was 
employed, but to  no a v a i l ,  f o r  compxDunds (285 c ,g ) .  Compounds (285 
a ,b )  d id  a f fo rd  carbon-13 n .m .r .  s p e c tr a  in  d e u te ra te d  d ic h lo ro -  
m e thane, but b ro u g it about no s ig n i f i c a n t  changes in  th e  ch o n ica l 
s h i f t  v a lu e s  when compared w i th  d e u te ra te d  tr ic h lo rc m e th a n e . When th e  
n .m .r . s p e c tr a  o b ta in ed  when u sing  d e u te ra te d  tr ic h lo rc m e th a n e  w ere 
compared, i t  was n o ted  th a t  uhe chem ical s h i f t  v a lu e s  of th e  ca rb o -
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s e l  en a l dehy de carbon atoms w ere found to  be in  th e  range 6 176.79 ppm 
to  182.57 ppm. Ihe  co rre sp o n d in g  co u p lin g  c o n s ta n ts  w ere
r e l a t i v e ly  c o n s ta n t between 162.5 Hz and I63 .O Hz. When th e se  v a lu e s  
a r e  compared w ith  th e  co rre sp o n d in g  v a lu e s  f o r  in d o l iz in e - 3 - o a r b -  
a l  dehy de 8 (2 7 6 ), i t  may be seen  th a t  th e  s ig n a ls  a r e  moved to  low er 
f i e l d  by betw een 1 .32  ppm and 5 .29  ppm, w h ils t  th e  co u p lin g
c o n s ta n ts  a re  d ec rea sed  by be tw een 6.9  Hz and 10.1 Hz.
Two in d o l i z in e - 3 - c a r b o t h ia ldehydes (287 w ere a n a ly se d
by carbon -13  n .m .r . sp ec tro sco p y  fo r  com parison purposes.
N .
CHS 
(28  7)
R^ R eferences
c) Me t-B u 249
J) Me Me 248
They were an a ly sed  i n  bo th  d e u te ra te d  d ic h l o r an e th an e  and t r i -  
ch lorom e thane, a l th o u g i compound (287c) proved to  be not very s o lu b le  
in  d e u te ra te d  d ic h l o r cm e th an e , and so d id  no t g iv e  a very  good 
spec trum . The c h a n ic a l s h i f t s  d id  n o t a l t e r  very much upon changing 
th e  n .m .r . s o lv e n t ,  a lth o u g h  th e  carbo t h i a l  dehy de carbon  s ig n a l moved 
dow nfield  by over 1 ppm in  bo th  c a se s  when d e u te ra te d  d ic h l o r cm e th an e  
was employed. However, f o r  th e  pu rposes of com parison, th e  d a ta  
o b ta in ed  when d e u te ra te d  tr ic h lo rc m e th a n e  was employed w i l l  be d is ­
cu ssed .
The ca rb o th ia ld eh y d e  carbon  s ig n a ls  w ere observed a t  6 182.29 ppm
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and 186.15 ppm, and th e  co rre sp o n d in g  co u p lin g  c o n s ta n ts  w ere
161.3  Hz and 162.0 ppm r e s p e c t iv e ly .  These v a lu e s  a re  such th a t  th e  
s ig n a ls  of th e  analogous c a rb o se le n a ld e h y des (285 c , j )  appear between 
7 .6 5  ppm and 8 .0 2  ppm f u r th e r  u p f ie ld  th a n  th o se  of compounds (287 
o , j ) ,  w h ils t  th e  co u p lin g  c o n s ta n ts  a re  between 1.0 Hz and 1.2
Hz g r e a t e r .
I t  m igh t have been ex p ec ted  t h a t  when th e  chem ical s h i f t  v a lu e s  
o f  compounds (2 7 6 ), (287) and (285) w ere compared, a p ro g re s s iv e  down­
f i e l d  s h i f t  o f th e  a ld eh y d ie  carbon  atom s ig n a l would be ob served .
T h is  i s  no t th e  case  however, and one e x p la n a tio n  f o r  t h i s  may be t h a t  
two f a c to r s  have to  be c o n s id e re d , namely th e  bond le n g th  and th e  
deg ree  of p o la r i s a t io n .  A dm itted ly , com parable carbon-oxygen, ca rb o n -
su lp h u r and carbon-se len ium  bonds become p ro g re s s iv e ly  g re a t e r  in  
193le n g th  , bu t a t  th e  same tim e , t h i s  red u ce s  th e  a b i l i t y  of carbon  to
form m u ltip le  bonds w ith  th e  he te ro a to m  concerned, s in c e  th e re  w i l l  be
a  po o rer ^ - o r b i t a l  o v e rla p  betw een th e  two atcm s. However i f  th e
double bond c h a ra c te r  i s  reduced  by co n ju g a tio n  w ith  a  s u i ta b le
e l e c t r o n - r e le a s in g  group, th e n  th e  bond w i l l  be s t a b i l i s e d .  Such an
e le c t r o n - r e le a s in g  group i s  th e  in d o l iz in e  system , and i t  i s  proposed
t h a t  th e  above o ccu rs  to  some e x te n t  in  th e  case  of in d o l iz in e - 3 -
c a rb o se le n a ld e h y des (2 8 5 ). S ince i t  has  been no ted  t h a t  th e  a ld e h y d ie
248fu n c tio n  w i l l  be more s h ie ld e d  i f  p o la r is e d  in  t h i s  manner , t h i s  i s  
a p o s s ib le  e x p la n a tio n  f o r  th e  f a c t  t h a t  th e  c a rb o se le n a ld e h y de carbon  
s ig n a ls  app ea r u p f ie ld  o f th o se  o f th e  analogous c a rb o th ia ld e h y d e s  
(2 8 7 ).
\
R etu rn ing  to  th e  carbon-13 n .m .r .  s p e c tr a  of th e  in d o l iz in e - 3 -  
c a rb o se le n a ld e h y des (2 8 5 ), s e v e ra l  o th e r  f a c t s  may be no ted . As was 
th e  case f o r  th e  c a rb a ld eh y des (2 7 6 ), th e  s ig n a l co rresp o n d in g  to  th e
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carbon atom (Cg^ in  th e  ca se  of compound (2 8 5 f))  o ccu rs  f u r t h e s t  
u p f ie ld  of a l l  th e  r in g  ca rb o n  s ig n a ls ,  t h i s  tim e w ith o u t e x c e p tio n , 
f o r  th e  compounds s tu d ie d . C orresponding co u p lin g  c o n s ta n ts  a r e
between 170,8 Hz and 174.6 Hz in  m agnitude, where a p p ro p r ia te .  The 
l a r g e s t  co u p lin g  c o n s ta n ts  a re  ag a in  c h a r a c t e r i s t i c a l l y  d i s ­
p layed  by th e  carbon  atom (0^  ^ in  th e  case of compound (2 8 5 f ) ) ,  
being  between 185.0 Hz and 190.0 Hz where o b se rv ab le . However, t h i s  
carbon atcrn i s  no lo n g e r  th e  f u r t h e s t  dow nfield of th e  u n s u b s t i tu te d  
r in g  carbon  atcms -  t h i s  d i s t i n c t i o n  i s  h e ld  by th e  carbon  atom CC^  
in  th e  case of compound (285f) ) f o r  th e se  compounds. Where th e  
rem ain ing  r in g  carbon atcrn ^ c o u p lin g  c o n s ta n ts  have been m easur­
a b le , they have been found to  be between 163.3 Hz and 167.9 Hz.
The ch an ica l s h i f t s  of th e  s ig n a ls  co rrespond ing  t o  th e  r in g  
carbon  atoms w ith  th e  carbo s e l  e n a l dehy de s u b s t i tu e n ts  a re  r e l a t i v e l y  
c o n s ta n t , v a ry in g  betw een 5 141.98 ppm and 143.78 ppm. U n fo r tu n a te ly , 
t h i s  s ig n a l was no t observed  f o r  compound (285o).
In  a l l  th e  r e a c t io n s  of in d o l iz  in e -3 -c a rb a ld e h y  de s (276) w ith  
pheny lphosphonoseleno ic d ic h lo r id e  (2 5 8 ), a yellow  s id e -p ro d u c t was 
produced d u rin g  w ork-up. T here was n o tic a b ly  more of th e  s id e -p ro d u c t 
i n  th e  r e a c t io n  in v o lv in g  th e  ca rb a ld eh y de (276c), and t h i s  yellow  
compound was i s o la te d ,  and o b ta in e d  a s  a go lden  o i l .  Mass s p e c t r a l  
(Appendix 3) and m ic ro a n a ly t ic a l  d a ta  in d ic a te d  th a t  i t  was th e  1 ,2 -  
d i- ( in d o l iz in - 3 - y l ) e th e n e  (2 8 8 c ). The d e s ire d  p roduct (285c) was 
th e r e f o r e  s u f f i c i e n t ly  u n s ta b le  so as to  undergo d e s e le n is a t io n  and 
u l t im a te ly ,  to  form some of th e  compound (288c). The compound (288c) 
accoun ted  f o r  46.4% o f th e  s t a r t i n g  carba ldehyde (276c).
One p o s s ib le  mechanian le a d in g  to  th e se  s i  d e -p ro d u c ts  may in v o lv e  
th e  fo rm a tio n  of a carbene in te rm e d ia te  (289 ), s in c e  d e s u lp h u r is a t io n
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r e a c t io n s  to  form oarbenes i n  th e  p resence  of phosphorus compounds
257have been p re v io u s ly  p o s tu la te d  . Two such carb en es  (289) m igh t 
th e n  r e a c t  to  form th e  compound (2 8 8 ). T his was n o t in v e s t ig a te d  any 
f u r th e r  however, and so th e  in te rm e d ia c y  of a carbene (289) i s  hypo­
t h e t i c a l .
C H = S e
(2 8 5 )
hv
(2 8 9 )
(2 8 8 )
The r e a c t io n  o f in d o l iz in e - 3 - c a r b a ldehydes (276) w ith phenyl­
phosphonoseleno ic d ic h lo r id e  (258) s u c c e s s fu lly  produces th e  ca rb o - 
se len a ld eh y d e s  (285) in  m odera te  to  good y ie ld s  under m ild  r e a c t io n  
c o n d itio n s .  The y ie ld s  o b ta in e d  a r e  com parable o r b e t t e r  th a n  th o se  
ach iev ed  by th e  p re p a ra t io n  o f in d o liz in e -3 -c a rb o s e le n a ld e h y des (285) 
d i r e c t ly  from in d o l iz in e s  (280) u s in g  sodium hydrogen s e le n id e .
-  107
C. S y n th e s is  o f P en ta G arb o n v K in d o liz in e -S -c a rb o se len a ld e tiv d e -S e ) -  
tungsten (O ) Complexes (290)
I t  was proposed in  S e c t io n  3 .B . , th a t  th e  in d o l iz in e -3 -c a rb o -
se le n a ld e h y de system  (285) i s  p a r t i a l l y  p o la r is e d  i n  th e  sense
R^=CH-Se~ in  o rd e r  to  ach iev e  s t a b i l i s a t i o n .  I t  was th e re f o r e  decided
to  u t i l i s e  th e  proven a b i l i t y  o f tetraethylaram onium  p e n ta c a rb o n y lio d o -
tu n g s ta te (O ) (291) to  form p en taca rb o n y ltu n g sten (O ) com plexes w ith  
258o rg an ic  s u b s t r a te s  , to  p re p a re  a complex w ith  th e  c a rb o se le n a ld e ­
hydes (285) which would in c re a s e  th e  s t a b i l i s a t i o n  o f th e  c a rb o se le n -  
a ld eh y de fu n c tio n .
I n d o l iz in e - 3 - c a r b a ldehydes (276) were th e re f o r e  t r e a te d  w ith  
phenylphosphonoseleno ic  d ic h lo r id e  (258) in  d ich lo rcm e th an e  in  th e  
p resen ce  of te traethylam m onium  p en ta c a rb o n y lio d o tu n g s ta te (O ) (2 9 1 ). 
Subsequent w ork-ups w ere c a r r ie d  o u t em ploying a s  m ild  c o n d itio n s  a s  
p o s s ib le ,  and i n  re d u c e d - l ig h t  c o n d it io n s ,  in  o rd e r  to  m inim ise 
decom po sition  o f th e  d e s ire d  pe n ta ca rb o n y 1 ( in d o l iz  in e -3 -c a rb o  s e le n ­
a l  d e h y d e -^ ) tu n g s te n (  0) com plexes (2 9 0 ).
CHO
( 2 7 6 )
ifPhPCI
( 2 5 8 )
RT
EcN"[vV(CO),l]
( 2 9 1 )
r2 R^
a) Me H H Me
b) t-B u H H Me
c) t-B u Me H H
d) t-B u H Me H
f) t-B u -(CH2 ^3“ H
j) Me Me H H
C H =Se\  -  
W(CO)
( 2 9 0 )
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The proposed mechanism in v o lv e s  th e  a t ta c k  by th e  oxygen atom of 
th e  in d o l iz  in e -3 -c a rb a ld e h y  de (276) on th e  phosphorus atom of th e  
phenylphosphonoseleno ic  d ic h lo r id e  (258) a s  d isc u sse d  in  S e c t io n  3 .B ..  
The r e s u l t in g  in d o liz in e -3 -c a rb o s e le n a ld e h y d e  (285) may th e n  undergo a 
Sjj2 d isp lacem en t r e a c t io n  w ith  th e  p en tacarb o n y lio d o tu n g s ten (O ) 
an io n . The r e s u l t in g  complex (290) w i l l  be s t a b i l i s e d  by th e  f a c t  
t h a t  th e  p o s i t iv e  charge may be d e lo c a l is e d  th ro u g h o u t th e  system , a s  
in d ic a te d  by th e  two s t r u c t u r a l  ex trem es (290) and (2 9 2 ).
276
fiPhPCL
( 2 5 8 )
CH=Se \
See 
Section B
W (CO).
CH=Se
( 2 8 5 ) W(CO)- ■Q-
CH —Se
^W(CO)^
( 2 9 0 ) ( 2 9 2 )
The pe n ta c a r  bony 1 ( in d o l iz  in e -3  -c a rb o  s e l  en a l dehy d e - ^ )  t  ungst en ( 0 ) 
com plexes (290) w ere o b ta in e d  a s  b la c k  s o l id s ,  many of which p o sse ssed  
a m e ta l l ic  g reen  sheen. True m e ltin g  p o in ts  cou ld  n o t be o b ta in e d , 
s in c e  a l l  th e  com plexes (290) ap p ea red  to  decompose between th e  
te m p e ra tu re s  161°C and 171^0. The y ie ld s  v a r ie d  from 39.1% fo r  
complex (290d) to  63.0% fo r  complex (2 9 0 f) .  As m igh t have been
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expec ted , th e  m o lecu la r io n  peaks w ere no t observed i n  th e  mass 
s p e c t r a  (see  Appendix 3 ) ,  b u t common f e a t u r e s  w ere th e  p ro g re s s iv e  
l o s s  of carbony l g roups, and th e  p resence of c l u s t e r s  of peaks a r i s i n g  
froQ th e  v a r io u s  is o to p e s  of tu n g s te n .
Complexes (290 a -d ) w ere a n a ly se d  by p ro to n  n .m .r . ,  bu t gave 
s p e c t r a  which w ere poorly  re s o lv e d , due to  th e  la c k  of s o lu b i l i ty  of 
th e  com plexes. Carbon-13 n .m .r .  s p e c tr a  could n o t be o b ta in ed  f o r  any 
complex (2 9 0 ). Complexes (290 a - d , f , j )  w ere th e re f o r e  an a ly sed  in  
d e u te ra te d  d ic h lo r  cm e thane u s in g  a  h ig h - f i e ld  n .m .r . sp e c tro m e te r. 
P ro ton  and c a rb o n -13 n .m .r . s p e c t r a  a re  ta b u la te d  in  Appendices 1 and 
2 re s p e c t iv e ly .
One i n t e r e s t i n g  p o in t a ro s e  when th e  v a r io u s  p ro to n  s p e c tr a  of 
complex (290a) w ere compared. I t  was d isco v e re d  t h a t  w h ils t  a l t e r i n g  
th e  n .m .r . so lv e n t had r e l a t i v e l y  l i t t l e  e f f e c t  upon most s ig n a ls ,  i t  
in f lu e n c e d  th e  ca rb o se len a ld eh y d e  p ro to n  s ig n a l s u f f i c i e n t ly  fo r  i t  to  
ap p ea r dow nfie ld  of th e  p ro to n  s ig n a l when run  in  d e u te ra te d  t r i ­
ch lorcm e thane, but u p f ie ld  o f i t  when run  in  d e u te ra te d  d ic h lo ro -  
m ethane.
Although th e  carb o se len a ld e h y d e  p ro to n  s ig n a ls  w ere observed to  
have chem ical s h i f t s  i n  th e  range 6 10.67 ppm to  11.30 ppn, i t  
appeared  to  be r e le v a n t th a t  th e  s ig n a ls  of com plexes (290 a , j )  
o ccu rred  a t  6 10.67 ppm and 10.72 ppn re s p e c t iv e ly ,  and w ere u p f ie ld  
o f th e  Hg p ro to n  s ig n a ls ,  w h i ls t  th o se  of th e  o th e r  complexes (290 
b - d , f )  o ccu rred  between 6 11 .04  ppm and 11.30 ppm, and w ere d ow nfie ld  
o f th e  p ro to n  s ig n a ls  (H^ in  th e  case  of comlex (2 9 0 f ) ) .  lb  e re  
would appear to  be a c o r r e l a t i o n  w ith  th e  f a c t  th a t  complexes (290 
a , j )  have a 2-m e thyl s u b s t i tu e n t ,  w h ils t  th e  o th e rs  p o sse ss  a
2 - t - b u ty l  s u b s t i tu e n t .
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These s ig n a ls  a re  much f u r t h e r  u p f ie ld  th a n  th e  analogous s ig n a l s  
o f  th e  in d o l i z  in e -3  -oarbo  s e l  e n a l dehy de s  (285 ), even a f t e r  a llcw in g  f o r  
th e  use of a d i f f e r e n t  d e u te r a te d  so lv e n t.  T his o b s e rv a tio n  i s  in  
acco rdance  w ith  th e  co n c lu s io n  t h a t  th e  more p o la r is e d  th e  a l dehy d ie  
fu n c tio n ,  th e  more sh ie ld e d  th e  environm ent, and hence th e  f u r th e r  
u p f ie ld  th e  s ig n a l  i s  o b served^^^ . This would be ex pec ted , s in c e  by 
th e  very  n a tu re  of th e se  com plexes (2 9 0 ), th e  p o la r i s a t io n  of th e  
carb o se len a ld eh y d e  fu n c tio n  h a s  been enhanced w i th  re s p e c t  to  th a t  of 
th e  c a rb o se l en a l dehydes (2 8 5 ). S in ce , in  g e n e ra l,  th e  y ie ld s  of th e
com plexes (290) a r e  g r e a te r  th a n  th o se  of th e  carbo s e l  en a l dehy des
(2 8 5 ), t h i s  may in d ic a te  a g r e a t e r  s t a b i l i t y  of th e  system .
The co u p lin g  c o n s ta n ts  o f th e  d o u b le t s ig n a ls  a r i s i n g  from
th e  in t e r a c t io n  w ith  th e  tu n g s te n  atcms w ere m easured, and found to  be
betw een 3.84 Hz and 4.25 Hz.
Even a llc w in g  f o r  th e  use caT a  d i f f e r e n t  d e u te ra te d  s o lv e n t, th e  
chem ical environm ents of th e  H  ^ p ro to n s  (H^ in  th e  case  of th e  complex 
(2 9 0 f))  ap p ea r to  be s h ie ld e d  when compared w ith  th o se  of compounds 
(2 8 5 ), s in c e  th e  chem ical s h i f t s  of th e  form er compounds occur in  th e  
range 610.71 ppoa to  11.12 ppm, w h ils t  th o se  cf th e  l a t t e r  compounds 
o ccu r between 6 11.50 ppm and 12.36 ppm. The only s ig n a l  th a t  i s  
s l i g h t l y  anomalous i s  t h a t  of complex (2 9 0 f) , ap p ea rin g  a t  6 11.12 
ppm, fo r  i f  i t  i s  excluded , th e  range red u ce s  to  6 10.71 ppm to  10.88 
ppm.
The carbon-13 n .m .r . s p e c t r a  show two s ig n a ls ,  co rresp o n d in g  to
d i f f e r e n t  q u a te rn a ry  carbon env ironm ents, which appear r e l a t i v e ly  f a r
d ow nfie ld . The f u r th e r  dow nfie ld  s ig n a l s  occur i n  th e  range 6 202.77
1ppm to  202.92 ppm, and a r e  much l e s s  in te n s e .  As a r e s u l t ,  th e  
co u p lin g  c o n s ta n t a r i s in g  frcm  th e  in t e r a c t io n  w ith  th e  tu n g s te n  atcm s
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co u ld  only  be d e te c te d  f o r  complex (2 9 0 a), and was found to  be 163.7 
Hz. The more in te n s e  s ig n a l s  a r e  observed between 6 199.29 ppm and 
199.39 ppm, and th e  analogous co u p lin g  c o n s ta n ts  w ere d e te c te d  and 
c a lc u la te d  f o r  s e v e ra l of th e s e  compounds, (290 a - d ) , and w ere found 
to  be c o n s ta n t a t  127.6 Hz. The fo rm er s ig n a ls  w ere th e re f o r e  
a ss ig n e d  to  th e  a x ia l  ca rb o n y l group, w h ils t  th e  l a t t e r  w ere a s s ig n e d  
to  th e  e q u a to r ia l  ca rb o n y l g roup s .
The chem ical s h i f t s  of th e  carbo se len a ld eh y d e  carbon  atoms w ere 
found to  occur between 6 169.81 ppm and 176.18 ppn. The l i m i t s  of 
t h i s  range a re  s l i g h t ly  f u r th e r  u p f ie ld  th a n  th o se  of th e  analogous 
s ig n a ls  of th e  ca rb o se len a ld eh y d e  compounds (2 8 5 ), which o ccu rred  
between 6 176.79 ppn and 182.57 ppm. This v a r i a t i o n  in  th e  chem ical 
s h i f t  would ap p ear to  be g r e a te r  th a n  m igh t be exp ec ted  sim ply a s  th e  
r e s u l t  of changing th e  d e u te r a te d  s o lv e n t, and may th e re f o r e  be a 
f u r th e r  in d ic a t i o n  of enhanced p o la r i s a t io n  of th e  ca rbo s e l  e nsü. dehy de 
fu n c tio n  in  th e se  com plexes (2 9 0 ), w ith  re sp e c t to  th o se  in  compounds
(2 8 5 ).
The s ig n a l co rresp o n d in g  to  carbon atom (Cg^ in  th e  case  of
complex (2 9 0 f ) ) ,  was found to  be th e  f u r th e s t  u p f ie ld  of a l l  th e
q u a te rn a ry  carbon  atoms in  th e  in d o l iz in e  r in g , w h ils t  th e  f u r th e s t
dow nfield  was once a g a in  ca rb o n  (Cg in  th e  case of complex ( 2 9 0 f ) ) ,
1a s  i t  was f o r  th e  carbo s e l  e n a l dehy des (285). U n fo rtu n a te ly , th e  
c o u p lin g  c o n s ta n ts  f o r  th e s e  s ig n a ls  w ere not de term ined .
The chem ical s h i f t  v a lu e s  of th e  s ig n a ls  co rresp o n d in g  to  th e  
r in g  carbon atoms w ith  th e  ca rb o se len a ld eh y d e  s u b s t i tu e n ts  a re  once 
more f a i r l y  c o n s ta n t . These s ig n a ls  a r e  somewhat f u r th e r  dow nfie ld  
th a n  th o se  of th e  c a rb o se len a ld e h y d e  compounds (285) however, s in c e  
they occur between 6 145.05 ppn and 147*33 ppm. N o tw ith s tan d in g  th e
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change i n  th e  d e u te ra te d  s o lv e n t ,  t h i s  a l t e r a t i o n  may be th e  r e s u l t  of 
th e  chem ical environm ent being  more de sh ie ld e d  a s  a  consequence of th e  
enhanced p o la r i s a t io n  of th e  ca rb o se len a ld eh y d e  fu n c t io n  th a t  h a s  been 
p re v io u s ly  r e f e r r e d  to .
The com plexes (290) a r e  s u c c e s s fu l ly  p rep a red  from in d o l iz in e - 3 -  
ca rb a ld eh y des (276) u s in g  p h ery lp h o sp h o n o se len o ic  d ic h lo r id e  (258) in  
th e  p resence of te traethylam m onium  p en taca rb o n y lio d o tu n g s ta te (O )
(2 9 1 ). Mild r e a c t io n  c o n d it io n s  w ere s u f f i c i e n t  to  ach iev e  m odera te  
to  good y ie ld s  o f th e  com plexes (2 9 0 ).
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D. Sy n the s i  s Of_ M isoel lan eo u s  S e l  e nooarbo nv l^Compounds
Since p h ery lp h o sp h o n o se len o ic  b ic h lo r id e  (258) had proved to  be 
su c c e s s fu l in  in tro d u c in g  selen ium  in to  se v e ra l c l a s s e s  of o rg an ic  
compounds, i t  was decided to  allow  t h i s  re a g e n t (258) t o  r e a c t  w ith  
v a r io u s  o th e r  carbony l compounds.
1) S y n th e s is  Of N, N-DimethyIselenof.ormamide (_293J
HjJi-Dimethylformamide (294) was allow ed to  re a c t  w ith  a 100% 
e x c e ss  of pheny lpho sphonoseleno ic  d ic h lo r id e  (258) in  r e f lu x in g  
benzene fo r  fo u r  h o u rs . The w ork-up was conducted a t  am bient 
te m p era tu re  w here p o s s ib le ,  and under r e d u c e d - l ig h t  c o n d itio n s  
th ro u g h o u t, to  a f fo rd  N ,ü-d im e thyIselenoforraaraide (2 9 3 ).
//  ^ \^f Benzene ^M e ,N -C ^  + PhPCL -------7------- >  M e N - C ^
H A  H
(2 9 4 )  (2 5 8 )  (2 9 3 )
The proposed mechanism i s  an a logous to  th a t  d isc u sse d  i n  S e c t io n
3 .B . .
The r e s u l t in g  yellow  o i l  was o b ta in e d  in  only  7.5% y ie ld .
Although a t ru e  b o i l in g  p o in t was n o t o b ta in ed , th e  p resence of 
selenoform am ide (293) was confirm ed  by a n a ly t ic a l  d a ta .  Mass s p e c t r a l  
d a ta  (Appendix 3) in d ic a te d  t h a t  m o lecu la r io n s  co rresp o n d in g  to  th e  
v a r io u s  is o to p e s  of selenium  w ere p re se n t,  and by th e  a c c u ra te  mass 
c a lc u la t io n s  and m ic ro a n a ly t ic a l  d a ta  which w ere in  good agreem ent 
w ith  c a lc u la te d  v a lu e s .
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P ro ton  and carbon-13 n .m .r .  s p e c tr a  w ere a ls o  o b ta in e d , a s  w ere 
th e  ca rb o n -13 n .m .r . s p e c t r a  of ü ,J î -d im e th y l th io formamide (295) and  
N ,ü-dim e thylform am ide (294) f o r  com parison purposes. The d a ta  a r e  
g iv e n  in  A ppendices 1 and 2 r e s p e c t iv e ly .  The p ro to n  n .m .r . spectrum  
in  d e u te ra te d  tr ic h lo rc m e th a n e  showed th a t  th e  s ig n a l of th e  carbo­
se len a ld eh y d e  p ro to n  o ccu rs  a t  6 10.63 ppn, and th e  s ig n a ls  of th e  
m e thyl s u b s t i tu e n ts  o ccu rs  a t  6 3*35 ppm and 3 .32  ppm. The l i t e r a t u r e
v a lu e s  f o r  th e  a l dehy d ie  p ro to n s  of th io f  ormamide (295) and f  ormamide
259(294) a r e  6 9.21 ppm and 8 .02  ppm, re s p e c t iv e ly  . There i s  th e r e ­
fo re  a p ro g re s s iv e  d ow nfie ld  s h i f t  of th e  CHX s ig n a l  in  going  from th e  
carba ldehyde fu n c tio n  to  th e  ca rb o th ia ld eh y d e  fu n c tio n  to  th e  carbo­
se len a ld eh y d e  fu n c tio n .
Me N — 
H
(2 9 5 )
The t r e n d  i s  m irro re d  i n  th e  carbon-13 n .m .r .  s p e c t r a l  d a ta . The
spectrum  of J[,N.-dime thy  I s e l  enof ormamide (293) in d ic a t e s  th a t  th e
ca rb o se len a ld eh y d e  carbon atom s ig n a l occurs a t  6 190.01 ppm, w ith  an 
1a s s o c ia te d  ^ co u p lin g  c o n s ta n t  of 177.6 Hz, and th a t  s ig n a ls  
co rresp o n d in g  to  th e  carbon  atoms o f th e  m e thyl s u b s t i tu e n ts  ap p ea r a t  
6 47 .39  ppn and 40.10 ppm. These v a lu e s  may be compared w i th  th o se  of 
compounds (295) and (2 9 4 ), which a re  6 187.64 ppm, 45.23 ppm, 37 .03  
ppm, and 6 162.71 ppm, 35 .99  ppn, 30.91 ppm, re s p e c t iv e ly .  There i s  
th e re f o r e  a p ro g re s s iv e  dow n fie ld  s h i f t  of th e  s ig n a l  in  going 
from th e  carba ldehyde  fu n c t io n  to  th e  ca rb o th ia ld eh y d e  fu n c t io n  to  th e  
carb o se len a ld eh y d e  fu n c tio n . The same tre n d  a p p a re n tly  o ccu rs  f o r  th e
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m e thyl s ig n a ls .
A ll th re e  compounds e x h ib i t  non -eq u iv a len ce  of th e  two m ethyl 
s u b s t i tu e n ts  w ith  re g a rd  to  chem ical environm ent, a s  in d ic a te d  by bo th  
p ro to n  and carbon-13 n .m .r .  s p e c t r a l  d a ta . I t  would th e r e f o r e  seem 
th a t  th e se  compounds a r e  p a r t i a l l y  p o la r is e d , th e reb y  r e s t r i c t i n g  th e  
r o t a t i o n  about th e  a l dehy d ie  c a rb o n -n itro g e n  bond. The two m ethyl 
s u b s t i tu e n ts  would th e r e f o r e  no lo n g e r  be ex p e rie n c in g  th e  same 
chem ical environm ent, and th e  s h i f t s  could n o t be averaged . However, 
av e rag in g  of th e  s h i f t s  may s t i l l  occur i f  th e  te m p era tu re  i s  r a i s e d  
s u f f i c ie n t ly .
Me^N—
+ /  M e2 N = C ^
X
H
X
(293) Se
(295) S
(294) 0
The use of p h en y lp h o s# io n o se len o io  d ic h lo r id e  (258) t o  co n v e rt
Ji, Nr dim ethy I f  ormamide (294) d i r e c t l y  to  N-dim e thy I s e l  enof ormamide
(293) h a s  th e re f o r e  proved to  be only s l ig h t ly  l e s s  e f f i c i e n t  th a n  th e
101use of phosphorus(V) s e le n id e ,  which ach ieved  a y ie ld  of 12%
However, th e  selenoform am ide (293) h a s  been much more e f f i c i e n t l y
p rep a red  from carbon d is e le n id e ,  benzyl se le n o l and d im e thylam ine 260
2) S y n th e s is  Qf _5-Pheny 1-3H -1 ,2 - d i t h io l  e -3 - s e l  one ( 29.6 ).
5 -P h e n y l-3 H ~ 1 ,2 -d ith io l-3 -o n e  (297) was re a c te d  w i th  a 100%
■fid
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ex ce ss  of phery lp h o n o sp h o se len o io  d ic h lo r id e  (258) i n  re f lu x in g  
benzene fo r  tw enty m in u tes  to  a f fo rd  5 -p h e ry l-3 J i-1 ,2 -d ith io le -3 -s e lo n e
( 296 ) in  7 . 6 % y ie ld .  R e d u ce d -lig h t c o n d itio n s  w ere m a in ta in ed  
th ro u g h o u t.
Se Benzene _  P h v ^ ^ S e
AS S " PhPCI --------7------ >  s — S
(2 9 7 )  (2 5 8 )  (2 9 6 )
In  an e f f o r t  to  im prove t h i s  y ie ld ,  th e  r e a c t io n  was re p e a te d  in  
both  to lu e n e  and in  xy lene to  a f fo r d  th e  compound ( 296 ) in  11.3% and 
12.1% y ie ld s ,  r e s p e c t iv e ly .  The proposed mechanism i s  analogous to  
th a t  d isc u sse d  in  S e c t io n  3 .B . .
The orange-brow n n e e d le s  t h a t  w ere formed had a m e ltin g  p o in t  of 
131°-132°C, and t h e i r  a n a ly se s  gave r e s u l t s  which w ere in  good 
agreem ent w ith  c a lc u la te d  v a lu e s .  In  th e  mass spectrum , m o lecu la r io n  
peaks r e s u l t in g  from th e  v a r io u s  is o to p e s  of selenium  were a lso  
observed , (Appendix 3 ) .  N .m .r. s p e c tr a  w ere o b ta in ed , and w ere
261compared w ith  th e  p ro to n  and carbon-13  n .m .r . s p e c t r a  of th e  
1,2 -d i th io l - 3 - o n e  (297) and th e  1, 2 - d i t h i o l e -3 - th io n e  (2 9 8 ). S p e c t ra l  
d a ta  a re  g iv en  in  A ppendices 1 and 2 re s p e c t iv e ly .
The p ro to n  s ig n a l s  a r i s i n g  from th e  p h ery l s u b s t i tu e n ts  o ccu rred  
a s  complex m u l t ip l e t s ,  and a t  approx im ate ly  th e  same chem ical s h i f t  
v a lu e s , but th e  p ro to n  s ig n a l s  of compounds (298) and (2 9 6 ), which 
bo th occu rred  a t  ô 7 .42  ppm, w ere observed to  appear dow nfield w i th  
re s p e c t  to  th e  analogous s ig n a l  fo r  compound (2 9 7 ), which o ccu rred  a t  
6 6 .83  ppn.
The chem ical s h i f t  v a lu e s  o b ta in e d  from th e  c a rb o n -13 n .m .r .
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spectrum  of s e l one (296) w ere compared w ith  th e  co rresp o n d in g  v a lu e s  
o f  t h i  one (298) and ke tone (2 9 7 ). The v a lue  co rresp o n d in g  to  carbon 
atcrn was 6193-90 ppm f o r  compound (297)» 6215.60  ppm f o r  t h i  one
(298) and 6 247.73 f o r  se lo n e  (2 9 6 ) . T his s ig n a l was th e  f u r th e s t  
dow nfield  o f any se le n iu m -c o n ta in in g  compound th a t  was s tu d ie d  d u rin g  
th e  course  of th e  work embodied in  t h i s  th e s i s .  T his p ro g re s s iv e  
dow nfield  s h i f t  was a ls o  observed  f o r  th e  s ig n a ls  a r i s in g  from carbon  
atcm s Cg and C^. The chem ical s h i f t  v a lu e s  of th e  carbon atcm s o f  th e  
phepyl s u b s t i tu e n ts  i n  th e s e  compounds w ere n o t s ig n i f i c a n t ly  d i f f e r ­
e n t.
A lth o u ^  5 -p h e ry l-3 H ~ 1 ,2 -d ith io le -3 -s e lo n e  (296) had been p rev - 
262io u s ly  p rep ared  , i t  was no t o b ta in e d  d i r e c t ly  from th e  c o r re s ­
ponding 1 ,2 -d i th io l -3 -o n e  (2 9 7 ), bu t r a th e r  from th e  r e a c t io n  betw een
3 -o h lo ro -5 -p h e n y l-1 ,2 ,d ith io ly liu m  c h lo r id e  and ^ -p h e ry Is e le n o u re a .
3) S y n th e s !s  Of 2 .6.-Dimethy.l-4H-pv_r.an^4-selone__C29.9l.
2 ,6 -D im eth y l-4 ü -p y ran -4 -o n e  (236) was a llow ed  to  re a c t  w ith  a 
100/6 ex ce ss  of p h ery lp h o sp h o n o se len o ic  d ic h lo r id e  (258) in  re f lu x in g  
benzene f o r  t h i r t y  m in u tes  to  a f f o r d  2 ,6 -d im e th y 1 -4 # -p y ra n -4 -se lo n e  
(299) in  only 1.3% y ie ld .  R ed u ce d -lig h t c o n d itio n s  w ere m a in ta in ed  
th ro u g h o u t .
O
( 2 3 6 )
SeI IPhPCIg
( 2 5 8 )
Benzene
A ■MeMe
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In  an e f f o r t  to  im prove upon t h i s  very  poor y ie ld ,  th e  r e a c t io n  
was re p e a te d  u sin g  to lu e n e  in s te a d  o f benzene, bu t no p roduct w ha tso­
ev e r was o b ta in a b le  a f t e r  w ork-up.
The proposed mechanism to  a f fo rd  th e  4- ü - p y ran -4 -se lo n e  (299) i s  
analogous to  t h a t  d isc u sse d  in  S e c t io n  3 .B . .
The poor y ie ld  of m a te r ia l  o b ta in ed  may be ex p la in ed  by th e  f a c t
t h a t  2 ,6 -d im e th y l-4 ^ - jy ra n -4 -se lo n e  (299) i s  known to  be r e l a t i v e ly  
73u n s ta b le  , and in d eed , th e  th  i  o py ra n -  4 -  s e l  one has  been d e sc r ib e d  a s
26 3being  th e rm a lly  u n s ta b le  . T h e re fo re , i t  may be t h a t  th e  se lo n e
(299) i s  u n s ta b le  a t  th e  r e a c t io n  te m p e ra tu re s  employed.
The red  c r y s t a l l i n e  p ro d u c t was an a ly sed  by mass sp ec trcm etry
o n ly , and th e  d a ta  o b ta in ed  i s  g iv e n  in  Appendix 3 . T his d a ta
in d ic a te d  t h a t  th e  m o lecu la r io n  c lu s t e r  r e s u l t in g  f r a n  th e  is o to p e s
o f  selenium  was p re se n t, and th e  p roduct was th e re f o r e  i d e n t i f i e d
u s in g  t h i s  in fo rm a tio n . T h is  m ethod o f p re p a ra t io n  was th e re f o r e  n o t
73n e a r ly  as e f f i c i e n t  a s  th e  tw o -s ta g e  p ro c e ss  p re v io u s ly  developed , 
t h a t  a ffo rd e d  th e  4 ü -p y ra n -4 -se lo n e  ( 299) from th e  co rresp o n d in g  
4H -py ran-4 -one (236) in  an o v e r a l l  y ie ld  of 65.7%.
4) A ttem p ted ■Synthesis Of 4 (1 H )-p y rid in e  s e l one (3(10)
4-H ydroxypyrid ine (301) e x i s t s  in  eq u ilib r iu m  w ith  i t s  m ajor 
t a u t  oner 4 (1 H )-p y rid in o n e  (3 0 2 ) , and was th e re f o r e  proposed a s  a 
s u i ta b le  s u b s t r a te  to  r e a c t  w ith  phenylphosphonoseleno ic d ic h lo r id e  
( 258) .
( 3 0 1 )  ( 3 0 2 )
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The r e a c t io n  was c a r r i e d  ou t in  re f lu x in g  a c e t o n i t r i l e  f o r  
f i f t e e n  m inu tes, u s in g  a 100% e x c e ss  of phenylphosphonoseleno ic 
d ic h lo r id e  (2 5 8 ). D e sp ite  m a in ta in in g  re d u c e d - l ig h t  c o n d itio n s  
th ro u g h o u t, no d is c e rn a b le  p ro d u c t was o b ta in ed . The r e a c t io n  was 
th e n  re p e a te d  a t  am bient te m p e ra tu re  fo r  two h o u rs . On t h i s  o c c a s io n , 
a s l i g h t  t r a c e  of m a te r ia l  was o bserved , but d e p o s i t io n  of selenium  
o ccu rred , and no p roduct cou ld  be o b ta in e d . No s t a r t i n g  m a te r ia l  was 
observed  f o r  e i th e r  r e a c t io n .
OA,
' r
(3 0 2 )
PhPCIg 
(25  8) (3 0 0 )
5) A ttem pted S y n th e s is  Of 1 -Me th y I py r r o l i d i  n e -2 -s e lo n e  (303)
1 -Me thyIpy  r r o l i d i  n -2 -o  ne (304) was allow ed to  re a c t  w ith  a  100% 
ex ce ss  of phery lp h o sp h o n o se len o ic  d ic h lo r id e  (258) in  r e f lu x in g  
benzene fo r  two h o u rs , under c o n d it io n s  of reduced l i g h t .
Me
(3 0 4 )
Se11PhPCI
(2 5 8 )
Y " ^ S e  
Me
(3 0 3 )
The r e a c t io n  m ix tu re  was w orked-up and chrom a tographed on alum ina 
to  a f fo rd  p a le  yellow  e lu a te s  w hich ra p id ly  d e p o s ite d  selenium  upon
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c o n c e n tra tio n , p re v e n tin g  any cha r a c t e r i s a b l e  p roduct frcm  being  
o b ta in e d . The r e a c t io n  was th e n  re p e a te d  under id e n t i c a l  c o n d it io n s ,  
excep t th a t  a s i l i c a  column was used f o r  chrcm a tography. The p a le  
yellow  e lu a te s  th a t  w ere c o l le c te d  ra p id ly  d e p o s ite d  selenium  as  
b e fo re , and so no p rod u c t cou ld  be o b ta in ed .
6) A ttem p ted S y n th e s is  Of H exahvdro«2H "azepine~2~selone (305)
Hexahydr0-211-32epin-2-one (306) was allow ed to  r e a c t  w ith  a  100% 
ex ce ss  of pheny lpho sphonoseleno ic  d ic h lo r id e  (258) in  r e f lu x in g  
benzene fo r  one hour. D e sp ite  th e  f a c t  th a t  r e d u c e d - l ig h t  c o n d it io n s  
w ere m a in ta in ed  th ro u g h o u t th e  r e a c t io n  and subsequen t w ork-up, th e  
yellow  e lu a te s  th a t  w ere c o l le c te d  a f t e r  chrcm atography ra p id ly  
d e p o s ite d  selenium  upon c o n c e n tra t io n . No c h a r a c te r i s a b le  p roduct 
cou ld  be o b ta in ed .
O " PhPCIg ---------------- ^  I / = S e
H H
(3 0 6 )  (2 5 8 )  (3 0 5 )
T) A ttem pted S y n th e s is  Of 2 ,4 .6 -C v c lo h e p ta t r ie n e -1 - se lo n e  (307)
2 ,4 ,6 -C y c lo h e p ta t r ie n -1 -o n e  (308) was allow ed to  re a c t  w ith  a 
100% ex ce ss  of pheny lpho sphonoseleno ic  d ic h lo r id e  (258) a t  am bient 
te m p era tu re  fo r  one hour in  benzene. D esp ite  th e  r e a c t io n  and 
subsequen t work-up being  c a r r i e d  o u t in  an atm osphere of n itro g e n , and
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under re d u c e d - l ig h t  c o n d itio n s ,  th e  w h ite  n eed le s  which w ere form ed in  
th e  r e a c t io n  m ix tu re , and w hich w ere enhanced by th e  a d d i t io n  of 
e th e r ,  r a p id ly  d e p o s ite d  selenium  upon f i l t r a t i o n .  They a lso  proved 
to  be e x t ra n e ly  h y g ro sco p ic , d e s p i te  th e  f a c t  t h a t  a l l  th e  w ork-up was 
c a r r i e d  ou t in  a purged d ry -box . The r e a c t io n  was re p e a te d , w ith  
benzene anployed d u rin g  th e  w ork-up p rocedure  in s te a d  of e th e r ,  bu t 
w ith  no improvement. No ch a r a c t e r i s a b l e  p roduct cou ld  be o b ta in e d  
frcm  e i th e r  r e a c t i o n . .
( 3 0 8 )  ( 2 5 3 )  ( 3 0 7 )
In  g e n e ra l,  th e  use of pheny lphosphonoseleno ic d ic h l  o r id e  (258) 
to  in tro d u c e  selenium  in to  th e s e  o rg an ic  carbony l compounds proved 
l e s s  s u c c e s s fu l th a n  a n t ic ip a te d .  T his may be th e  r e s u l t  of th e  
compounds being unab le  to  dona te  i r - e le c t ro n s  so a s  to  s t a b i l i s e  th e  
r e s u l t in g  c a rb o se le n a ld e h y des  and se lo n e s  s u f f i c i e n t ly .
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E. S y n th e s is  Of M isce llan eo u s Penta_o_arbonyl(gelone~Se)~ 
tu n g s t en (0) Com d1 exe s
Tétraméthylammonium p e n ta c a rb o n y lio d o tu n g s ta te (O ) (291) was 
in tro d u c e d  to  a t tem p t to  t r a p  th e  se lo n e s  a s  th e  tu n g s te n  p e n ta -  
ca rb o n y l com plexes.
1) A ttem pted S y n th e s is  Of P e n ta ca rb o n v l(2 .6 -d im e th v l~  
4H -p v ra n -4 -8 e lo n e -S e ) tu n 2 ste n (0 ) (309)
Phenylphosphonoseleno ic d ic h lo r id e  (258) was a llow ed  to  re a c t  
w ith  2 ,6 -d im e th y l-4 £ -p y ra n -4 -o n e  (236) in  th e  p resence  o f t e t r a e t h y l ­
ammonium p e n ta c a rb o n y lio d o tu n g s ta te (O ) (2 9 1 ). A 50$ e x c e ss  o f re a g e n t 
(258) and a 10$ ex ce ss  o f tu n g s ta te  (291) were employed, and th e  
m ix tu re  h e a te d  a t  r e f lu x  in  d ich lo rcm e th an e  f o r  f i f t e e n  m in u tes . 
Although re d u c e d - l ig h t  c o n d i t io n s  w ere m a in ta in ed  th ro u g h o u t , th e  
subsequent w ork-up only a ffo rd e d  a 0 .5$ y ie ld  of a  re d  c r y s t a l l i n e  
p ro d u c t, b e lie v e d  to  be a m ix tu re  of compounds (299) and (3 1 0 ).
PhPCI
(2 3 6 ) (2 5 8 )
Ec,N |w(CO ),#^
CH^,/A
(2 9 9 )
+^^W (C O ),
( 3 0 9 )
Me
+
Me-
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Although th e  re d  c r y s t a l l i n e  p ro d u c t cou ld  be an a ly se d  by mass 
sp ec tro m etry  only ( d e t a i l s  i n  Appendix 3 ) ,  th e  spectrum  c le a r ly  showed 
th a t  th e  expec ted  p e n taca rb o n y ltu n g s ten (O ) complex (309) had n o t been 
form ed. In s te a d , th e  4 E-PY ra n -4 -s e lo n e  (299) was p re s e n t ,  g iv in g  a 
c l u s t e r  of m o lecu la r io n  peaks a t  m/z = 188 e t c . .  T his d id  n o t app ear 
to  be th e  only p ro d u c t, however, s in c e  th e  d a ta  in d ic a te d  th a t  
compound (310) was a l s o  p re s e n t .  In  a proposed mechanism analogous to  
t h a t  suggested  in  S e c t io n  3 -B ., th e  se lo n e  (299) may have undergone 
d e s e le n is a t io n  to  a f fo rd  th e  carbene in te rm e d ia te  (3 1 1 ). Two such
t t Ica rb en es  (311) may th e n  r e a c t  to  g iv e  2 ,2  ,6 ,6  - te t r a m e th y l-4 ,4  - b i -  
p y ran y lid en e  (3 1 0 ). I t  i s  n o t u n d ers to o d  why th e  tu n g s te n  ccanplex was 
n o t form ed.
( 2991
hv
Q M e  
( 3 1 1 )
Me Me
MeMe
( 3 1 0 )
2) Sy n th e s is  Of F en tacarbony1 ( 2 ,4 ,6 - c v c lo h e p ta t r ie n e - 1 - se lo n e -S e ) -  
tungsteQ(O) (312)
The r e a c t io n  o f pheny lpho sphonoseleno ic  d ic h lo r id e  (258) w ith
2 ,4 ,6 -o y c lo h e p ta t r ie n -1 -o n e  (308) in  th e  p resence  of t e t r a e t h y l ­
ammonium p e n ta c a rb o n y lio d o tu n g s ta te (O ) (291) was c a r r ie d  ou t i n  an 
a tte m p t to  t r a p  th e  se lo n e  (307) a s  th e  complex (3 1 2 ). A 50^ ex ce ss  
o f  th e  re a g e n t (258) and a 10% e x c e ss  of th e  tu n g s ta te  (291) were
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employed, and th e  m ix tu re  s t i r r e d  a t  am bient te m p era tu re  in  d i -  
ch lorom e thane f o r  one h o u r. A ll p ro ced u res  w ere c a r r ie d  o u t u s in g  
re d u c e d - l ig h t  c o n d itio n s ,  u s in g  an  i n e r t  a tm osphere. The subsequen t 
work-up a ffo rd e d  a 4.4% y ie ld  o f p e n ta c a rb o n y l(2 ,4 ,6 -c y c lo h e p ta tr ie n e -
1 -s e lo n e -S e ) tu n a s te n ( 0) (3 1 2 ), which was o b ta in e d  a s  bronze m icro ­
n e e d le s .
f T X  . I'I J = 0  * PhPCIg
( 3 0 8 ) ( 2 5 8 )
Et N  [ W ( C 0 ) J
W (C O ),
( 3 1 2 )
The proposed mechanism i s  ana logous to  th a t  g iv en  in  S e c t io n
B .C ., namely th a t  th e  se lo n e  (307) i s  form ed, and th e n  undergoes a  S^2 
d isp lacem en t r e a c t io n  w ith  th e  p en ta c a rb o n y lio d o tu n g s ta te (O ) an io n  to  
a f fo rd  th e  complex (3 1 2 ).
No m o lecu la r io n  c l u s t e r  was observed  f o r  th e  complex (312) in  
th e  mass spectrum  (se e  Appendix 3 ) ,  a lth o u g h  peaks co rresp o n d in g  to  
is o to p e s  o f tu n g s te n  w ere observed , a s  w ere th o se  a r i s in g  from th e  
p ro g re s s iv e  l o s s  o f ca rb o n y l g ro u p s . The mass spectrum  a ls o  appeared  
to  in d ic a te  th a t  th e  compound 1,1 -b ic y c lo h e p ta t r ie n y lid e n e  (313) was 
p r e s e n t .  T his compound may have been formed by th e  d e s e le n is a t io n  o f 
th e  se lo n e  (307) to  a f fo rd  th e  carbene in te rm e d ia te  (3 1 4 ). Two 
carbene in te rm e d ia te s  cou ld  th e n  r e a c t  to  form th e  compound (3 1 3 ).
( 3 0 7 )
hv
( 3 1 4 ) ( 3 1 3 )
. . J
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U n fo rtu n a te ly , th e  complex (312) proved im p o ss ib le  to  p u r ify  to  a 
s u f f i c i e n t  s ta n d a rd  f o r  an a c c e p ta b le  m ic ro a n a ly s is  to  be c a r r i e d  o u t, 
p o s s ib ly  as  a  r e s u l t  of th e  a v a i la b le  selenium  o b ta in e d  from th e  de­
s e le n i s a t io n  p ro cess . I t  a ls o  proved to  have low s o lu b i l i ty  in  d e u t -  
e r a te d  s o lv e n ts . A p ro to n  n .m .r . spectrum  in  d e u te ra te d  d ic h lo ro -  
methane was o b ta in ed  by u s in g  a  h ig h - f i e ld  sp ec tro m e te r  (Appendix 1 ), 
bu t a carbon-13 n .m .r . spectrum  could no t be o b ta in e d . Upon examin­
a t io n  of th e  p ro to n  spectrum , i t  was no ted  th a t  two s ig n a ls ,  each 
co rre sp o n d in g  to  only one p ro to n , appeared  s l ig h t ly  dow nfie ld  of th e  
m u l t ip l e t  which re p re s e n te d  th e  rem aining  fo u r  p ro to n s . These two 
s ig n a ls  presum ably re p re s e n t  p ro to n s  and H^, th e reb y  in d ic a t in g  a 
n o n -eq u iv a len ce  in  th e  chem ical environm ent of each, caused by th e  
n o n - l in e a r i ty  of th e  C=Se-W th r e e  atom sequence.
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F. R eac tion  Of .Indo liz in e -3 -o a rb a ld e h y des (276)
With The Rea&ent__Formed By The, .R eaction
Of P henv ld ich lo ro p h o sp h in e  (259),
With Tétraméthylammonium S e len o cv an a te  (262)
The r e a c t io n  of d ic h lo ro p h en y lp h o sp h in e  (259) w ith  té tra m é th y l­
ammonium se len o c y an a te  (262) was d isc u sse d  in  S e c t io n  1 .C . , where i t  
was proposed t h a t  th e  re a g e n t (268) i s  produced. This compound was 
n o t i s o la te d ,  and was used in  s i t u . In d o liz in e -3 -c a rb a ld e h y d e s  (276) 
w ere shown in  S e c t io n  3.B. to  be s u i ta b le  s u b s t r a te s  to  r e a c t  w ith  
phenylphosphonoseleno ic d ic h lo r id e  (2 5 8 ), and so w ere in tro d u c e d  i n t o  
a  s o lu t io n  of t h i s  re a g e n t (268) i n  a c e t o n i t r i l e ,  p re v io u s ly  g en e ra ted  
from ph en y ld ich lo ro p h o sp h in e  (259) and tétraméthylam monium se len o ­
c y an a te  (2 6 2 ). In  each ca se , th e  r e a c t io n  m ix tu re  was s t i r r e d  a t  
am bient te m p era tu re  f o r  te n  m in u te s , by which tim e th e  r e a c t io n  had 
gone to  com pletion . The subsequen t work-up was c a r r ie d  out under 
r e d u c e d - l ig h t  c o n d itio n s  to  a f fo rd  two main p ro d u c ts , which w ere 
s e p a ra te d  by e x t r a c t io n  of th e  more so lu b le  one in t o  benzene. The 
more so lu b le  p ro d u c ts  from th e s e  r e a c t io n s  w ere shown to  be th e  
in d o l iz in e - 3 - c a r b o s e le n a ldehydes  (285 a - d , f , j ) ,  p re v io u s ly  o b ta in e d  by 
th e  r e a c t io n  of th e  co rre sp o n d in g  c a rb a l dehy des (276) w ith  p h e ry lp h o s- 
phonoseleno ic  d ic h lo r id e  (2 5 8 ). They w ere o b ta in ed  i n  y ie ld s  of 
betw een 19.7% and 43.9%, and w here com parisons could be made, th e se  
y ie ld s  w ere u s u a lly  p o o re r th a n  th e  y ie ld s  of ca rbo s e l  en a l dehy des 
(285) o b ta in ed  from th e  r e a c t io n  of c a rb a l dehy des (276) w ith  phenyl­
phosphonoseleno ic d ic h lo r id e  (2 5 8 ). The only observed e x c e p tio n  
in v o lv ed  compound (2 8 5 c), s in c e  th e  y ie ld  o b ta in ed  (33.3% ), was 
g r e a te r  th an  th e  y ie ld  o b ta in e d  i n  th e  r e a c t io n  in v o lv in g  phenyl­
phosphonoseleno ic d ic h lo r id e  (2 5 8 ), (31.8% ).
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CHO
j  +
C276)
PhPCIg/Me^N^' SeCN
( 2 5 9 ) / ( 2 6 2 )
CHSe
( 2 8 5 )
R R^
a) Me H H Me
b) t-B u H H Me
c) t-B u Me H H
d) t-B u H Me H
f ) t-B u -(CHg ^3“ H
j ) Me Me H H
/C H S e
( 3 1 5 )
The l e s s  so lu b le  p ro d u c ts  a r e  h ig h ly  co lo u red , o f te n  v i r t u a l l y  
b la ck  s o l id s ,  u su a lly  p o s se s s in g  a m e ta l l ic  su rfa c e  sheen which 
appeared  to  have a  g reen  t in g e .  These p ro d u c ts  form sm all c r y s t a l s ,  
a lth o u g h  th e  p roduct from th e  r e a c t io n  in v o lv in g  carba ldehyde  (276d) 
was o b ta in ed  a s  g reen  m ic ro p r ia n s , and i s  c u r re n t ly  undergoing a 
s t r u c tu r e  d e te rm in a tio n  by X -ray c ry s ta l lo g ra p h y . These compounds a r e  
r e l a t i v e ly  u n s ta b le  to  l i g h t ,  e s p e c ia l ly  w h ils t  i n  s o lu t io n  d u rin g  th e  
w ork-up, and so proved d i f f i c u l t  to  p u r ify .  N o tw ith s tan d in g  t h i s ,  
m ic ro a n a ly t ic a l  d a ta  was o b ta in e d  th a t  ag reed  w e ll w ith  c a lc u la te d  
v a lu e s  based on s t r u c tu r e s  (315 a - d , f , j ) .
The compounds m e lted  o v e r a  range of between 2° and 4°C, and w i th  
th e  e x ce p tio n  o f th e  p rod u c t (3 1 5 a ), between th e  te m p era tu re  of 169°C
and 189^C. The se lo n e  (315a) m elted  between 121°C and 125^C, and was
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o b ta in e d  in  only  3 .3 .$  y ie ld ,  w hereas th e  o th e r  se lo n e s  w ere o b ta in e d  
i n  y ie ld s  of between 19.2$ and 26 .8$ . The oanbined y ie ld s  of th e  
ca rbo s e l  en a l dehy de (285) and th e  se lo n e  (315) a r e  in  th e  range 54.2% 
to  70 .2$ , w ith  th e  e x c e p t io n  of th e  r e a c t io n  in v o lv in g  carb a ld eh y d e  
(2 7 6 a), where th e  combined y ie ld  of th e  two p ro d u c ts  (285a) and (315a) 
was only 23 .0$ .
The mass s p e c t r a l  d a ta  of s e lo n e s  (315) (Appendix 3) in d ic a t e s
t h a t  a l t h o u ^  th e  m o lecu la r io n  c lu s t e r  was n o t observed , th e  c l u s t e r
co rrespond ing  to  (M"""-CH^ ) was u s u a lly  p re s e n t.  Mahy c l u s t e r s  observed  
in  th e  s p e c tra  w ere c o n s is te n t  w ith  th e  expec ted  p a t t e r n  f o r  two 
selenium  atoms, as  shown in  Appendix 3. C h a r a c te r is t ic  c l u s t e r s  w ere
a ls o  observed co rre sp o n d in g  to  th e  lo s s  of a se len o fo rm y l group, and
a p p a re n tly , to  th e  in d o liz in e -3 -c a rb o s e le n a ld e h y d e  s t r u c tu r e s  (2 8 5 ), 
eg. a t  m/z = 279 fo r  th e  1 -m e th y l-2 - t -b u ty l compound (2 8 5 c).
The compounds (315) w ere very  in s o lu b le  f o r  th e  p u rpo ses of 
n .m .r . sp ec tro sco p y . However, s p e c tr a  w ere o b ta in ed  i n  d e u te ra te d  
d ic h io r  cm e th an e , u s in g  a h ig h - f i e ld  n .m .r .  sp e c tro m e te r. The d a ta  a re  
l i s t e d  in  A ppendices 1 and 2.
The p ro to n  n .m .r . s p e c t r a  of th e  se lo n e s  (315 a - d , f , j )  show th a t  
th e  in d o l iz in e  system has rem ained in t a c t  i n  th e se  compounds, s in c e  
th e  same p a t te r n  of s ig n a l s  i s  observed  as  fo r  th e  c a rb o se le n a ld e h y des 
(2 8 5 ). The only m a l l  d if fe re n c e  i s  t h a t  th e  s ig n a ls  (H^  ^ in  th e  
case  o f th e  compound o b ta in e d  frcm  th e  ca rb a l dehyde (276f ) ) ,  which 
occur between 6 10.12 ppm and 10.55 ppm, a re  f u r th e r  u p f ie ld  by 
approx im a te ly  1.75 ppm th a n  th e  s ig n a ls  of th e  ca rbo s e l  en a l dehy des  
(285 a - d , f , j ) .  There i s  how ever, no s ig n a l in  th e  range observed f o r  
th e  CHSe group in  compounds (285 a - d , f , j ) ,  namely 6 12.09 ppm to  12.78 
ppm. In s te a d , a s ig n a l  o ccu rs  in  th e  range 6 8 .70  ppm to  9.21 ppm.
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The s ig n a ls  f u r th e s t  u p f ie ld  w i th in  t h i s  range a re  o b ta in e d  from th e  
compounds w ith  a 2 -m e th y l s u b s t i tu e n t  in  th e  in d o l iz in e  system  (6  8 .7 0  
ppm and 8 .77  ppm fo r  th e  compounds proposed a s  (315 a, j )  r e s p e c t ­
i v e ly ) ,  and i f  th e se  v a lu e s  a r e  excluded , th en  th e  range re d u c e s  to  ô 
9.01 ppm to  9.21 ppm. T his re d u c t io n  in  th e  s iz e  of th e  range 
p a r a l l e l s  th a t  observed  f o r  th e  tu n g s te n  complexes (2 9 0 ), a s  d e s c r ib e d  
i n  S e c t io n  3 .C . , and i s  th e r e f o r e  f u r th e r  evidence f o r  th e  p re sen ce  of 
th e  in d o l iz in e  i^ s tem .
The o b s e rv a tio n  th a t  th e  in d o l iz in e  system has rem ained i n t a c t  
may a ls o  be drawn from th e  c a rb o n - l3 n .m .r . s p e c tr a .  Once a g a in , th e  
r e le v a n t  s ig n a ls  a re  com parable w ith  th o se  of th e  ca rbo s e l  en a l dehy des  
(285 a - d , f , j ) .  The s ig n a ls  co rresp o n d in g  to  (C^^ in  th e  case  of 
th e  proposed compound (3 1 5 f))  a r e  s t i l l  th e  most sh ie ld e d  o f a l l  th e  
u n s u b s t i tu te d  r in g  carbon  atom s. Those of carbon atom (C^ in  th e  
ca se  of th e  compound (3 1 5 f))  have a d i f f e r e n t  range of chem ical s h i f t  
v a lu e s , ( 6 122.83 ppm to  124.54 ppm), when compared w ith  th e  c o r r e s ­
ponding s ig n a ls  in  th e  s p e c tr a  of ca rbo s e l  en a l dehyde s (2 8 5 ), (6 141.98 
ppm to  143.78 ppm). T his i s  u n d e rs ta n d a b le , s in c e  th e  chem ical 
environm ent of th e se  carbon  atoms h as  o bv iously  undergone some 
a l t e r a t i o n .
The o th e r  f a c t  th a t  i s  im m ed ia te ly  apparen t i s  th a t  th e re  a re  two 
a d d i t io n a l  s ig n a ls  dow nfie ld  i n  th e  carbon-13 n .m .r . s p e c tr a ,  a t  
ap p rox im ate ly  6 200 ppm. One o ccu rs  between 5 203.52 ppm and 204.36 
ppm, and th e  o th e r  be tw een <5194.10 ppm and 195.20 ppm. There i s  a l s o  
no s ig n a l observed  in  th e  range observed fo r  th e  ŒîSe group in  th e  
compounds (285 ), <5 176.79 ppm to  182.57 ppm. In s te a d , a  s ig n a l i s
p re s e n t between 6 146.16 ppm and 149.58 ppm. I f  only th e  compounds 
p o sse ss in g  a 2 - t - b u t y l  s u b s t i tu e n t  (315 b -d ,f )  a re  co n s id e re d , th e n
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th e  s ig n a ls  o ccu rs  betw een  ^ 148.18 ppm and 149.58 ppm.
From th e  f a c t  t h a t  th e  in d o l iz in e  system has rem ained i n t a c t ,  and 
th e  f a c t  th a t  th e  carbon  atom s u b s t i tu e n t  has th e  e m p iric a l fo rm u la  
CgHNgSCg, a s  de term ined  by m ic ro a n a ly t ic a l  d a ta , th e s e  compounds may 
be fo rm u la ted  as  hav ing  th e  s t r u c t u r e  (315). A mechanism i s  th e r e f o r e  
re q u ire d  th a t  can r e s u l t  in  n o t only th e  fo rm a tio n  o f th e  c a rb a l de­
hy des (285), bu t a l s o  th e  s t r u c t u r e  proposed as  (3 1 5 ).
I f  th e  carbo s e l  en a l dehy des  (285) a r e  produced by a mechanism 
analogous to  th a t  d e sc r ib e d  in  S e c t io n  3 .B . , i t  may be a s  fo llo w s .
CNIPhP=Se
1NCSe
( 2 6 8 )
CN
1+ - P h P ^ S e
NCSe
C H = 0
2 76 ]
CN
NCSe
CNI-  P h P = 0
1NCSe
HC— Se
O — P(^I ^ P h
( 3 1 6 )  NCSe ( 2 8 5
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The mechanism acc o u n ts  f o r  th e  fo rm a tio n  of th e  ca rbo s e l en a l de « 
hydes (2 8 5 ). I f  th e  in te rm e d ia te  (316) was to  r e a c t  s l i g h t ly  
d i f f e r e n t ly  in  a d d i t io n  to  th e  above manner, th e n  th e  fo llo w in g  
mechanism fo r  th e  s y n th e s is  o f s e lo n e s  (315) may be p o s tu la te d .
,CN P -C N"NCSe
NCSe
CN
'O -P -C N
NCSe
CH
“ SeCN
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V. N =C H — Se
-  CN
Q : n ( 3 1 5 )
I f  th e  selenium  an io n  i s  a b le  to  r e a c t  a s  shown, th e n  th e  se le n o ­
cy an a te  an io n  may be d is p la c e d . T his am biden ta te  an io n  may th e n  
a t ta c k  th e  " c a rb a l dehy d e” ca rb o n  atcxn such t h a t  th e  phosphorus(V ) 
m oiety may be d isp la c e d  a s  d e p ic te d . A d d itio n a l se len o c y an a te  a n io n s  
a r e  p re s e n t,  s in c e  th e  o r ig in a l  tétraméthylam monium se len o c y an a te  
r e a c ta n t  (262) was i n  e x c e ss . A second se len o c y an a te  an io n  may 
th e re fo re  a t t a c k  th e  same carbon  atom as  th e  f i r s t  se len o c y an a te  
an io n . I f  a p ro to n  t r a n s f e r  now o ccu rs , th e n  a se len o fo rm y l fu n c tio n  
can be o b ta in ed . T his s p e c ie s  may th e n  be a t ta c k e d  by a th i r d  
se len o c y an a te  an ion  to  form th e  proposed se lo n e  (3 1 5 ).
There i s  no ex p erim en ta l ev idence  f o r  t h i s  proposed mechanism, 
but i t  o f f e r s  a ro u te  whereby compounds w ith  th e  s t r u c tu r e  (315) may 
be form ed.
Having now proposed th e  s t r u c t u r e  (315) a s  a  p o s s i b i l i ty  fo r  th e  
l e s s  s o lu b le  compounds o b ta in e d  i n  th e s e  r e a c t io n s ,  i t  h a s  to  be n o ted  
t h a t  th e re  a re  se v e ra l unexpected  d e t a i l s  in  th e  v a r io u s  a n a ly se s , 
a lth o u g h  a  s t r u c tu r e  a n a ly s i s  may prove them to  be sim ply a  fu n c t io n  
o f  th e se  compounds.
The f i r s t  concerns th e  c l u s t e r s  o f peaks observed  i n  th e  mass
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s p e c tr a  a t  th e  mass of th e  carbo  s e l  en a l dehy des (2 8 5 ). I t  i s  d i f f i c u l t  
to  u n d ers tan d  how such a m oie ty  may be formed in  th e  mass sp e c tro m e te r  
when th e  se le n o f  ormyl group i s  n o t d i r e c t ly  bonded to  th e  in d o l iz in e  
r in g  system . In  th e  p ro to n  and carbon-13 n .m .r .  s p e c tr a ,  i t  was 
observed  t h a t  no s ig n a ls  o c c u rre d  in  th e  ran g es ex pec ted  from a 
com parison w ith  th e  carbo s e l  e n a l dehy de p ro to n  and carbon  atcm s ig n a ls  
o f compounds (285). In s te a d , s ig n a ls  w ere observed i n  th e  ran g es  & 
8 .70  ppm to  9.21 ppm and 6 146.16 ppm to  149.58 ppm, r e s p e c t iv e ly .  I f  
th e se  s ig n a ls  a re  to  be a s s ig n e d  to  th e  se leno fo rm y l fu n c tio n  in  th e  
compounds proposed a s  th e  s e lo n e s  (3 1 5 ), th en  they occur much f u r th e r  
u p f ie ld  th a n  p re v io u s ly  ex p e rie n c e d .
I f  th e  assignm ent of carbon-13  n .m .r . s ig n a ls  i s  ta k en  f u r th e r ,  
th e n  th e  two s ig n a ls  o c c u r r in g  around  6 200 ppm must presum ably be 
a ss ig n e d  to  th e  and carbon  atoms of th e  1,2 ,4 - s e le n a d ia z o le  
system . W h ilst th e  carbon  atom m igh t be ex p ec ted  to  occur in  t h i s
re g io n  as  a  r e s u l t  of th e  p resen ce  of th e  se lone  s u b s t i tu e n t ,  a carbon  
atom a d ja c e n t to  th e  two n it ro g e n  atom s, such as th e  carbon  atom, 
would no t norm ally  be ex p ec ted  to  occur so f a r  dow nfie ld . I f  however, 
th e  carbon-13 n .m .r .  d a ta  f o r  five-m em bered h e te ro c y c le s  i s  exam in- 
ed^^^, th e n  th e  fo llo w in g  crude  e s t im a tio n  may be made.
I t  i s  known t h a t  th e  e f f e c t  o f in tro d u c in g  a  n itro g e n  atom in  
p o s i t io n  3 of a p y r ro le  r in g  de s h ie ld s  th e  carbon  atom by approx­
im a te ly  18 ppm. I t  i s  a ls o  known th a t  in tro d u c in g  a 3 -m e thy l sub­
s t i t u e n t  in  an i s o th ia z o le  r in g  de s h ie ld s  th e  carbon  atom by 
approx im a te ly  10 ppm, to  ap p ro x im ate ly  ô 167 ppm. A r o u ^  e s t im a t io n  
o f th e  s h i f t  of th e  carbon  atom in  3 -m eth y l-1 ,2 ,4 - th ia d ia z o le  m igh t
th e re f o r e  be ap p ro x im a te ly  5 185 ppm. F in a l ly , th e  d if fe re n c e  in  th e  
s h i f t  of th e  carbon atom of th iophene  and selenophene i s  app rox ­
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im a te ly  2 ppm. I f  a l l  th e se  e f f e c t  a re  combined to  p rov ide  a crude 
e s tim a te  of th e  s h i f t  o f th e  carbon atcxn of 3 -m e th y l-1 ,2 ,4 - s e le n a -  
d ia z o le ,  th e n  th e  s h i f t  m igh t be of th e  o rd e r o f around 6 190 ppm. 
O bviously , an in d o l iz in - 3 - y l  s u b s t i tu e n t  i s  no t e x a c tly  com parable 
w ith  a m e thyl s u b s t i tu e n t ,  and no allow ance h a s  been made f o r  th e  
2 - se len o fo rm y l o r 5 -se lo n e  fu n c t io n s ,  but th e  t r e n d s  m igh t be r e t a i n ­
ed, and so th e  s h i f t  of th e  carbon  atcxn in  th e  1 ,2 ,4 - s e le n a d ia z o le  
r in g  o f th e  se lo n e s  (315) m igh t be ex pec ted  to  occur s u f f i c ie n t ly  f a r  
dow nfield  so a s  to  appear in  th e  observed re g io n .
There a re  th e re fo r e  c e r t a in  unexpected o b se rv a t io n s  t h a t  may be 
made frcxn th e  s p e c tr a  of th e se  compounds. An a l t e r n a t i v e  mechanism 
le a d in g  to  th e  fo rm a tio n  o f s t r u c tu r e  (318) may be co n s id e re d , in v o lv ­
in g  th e  a t t a c k  of a se le n o c y a n a te  an io n  on s t r u c tu r e  (317) a t  th e  
a l t e r n a t i v e  s i t e  shown.
HC
N C Se
( 3 1 7 )
HC
Se SeC N
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T his a l t e r n a t iv e  s t r u c tu r e  may a ls o  accoun t f o r  th e  s p e c tr a l  d a ta  
o b ta in e d . The in d o l iz in e  r in g  system  has re n a in e d  i n t a c t  and so m igh t 
accoun t f o r  th e  u p f ie ld  s ig n a l s  i n  th e  p ro to n  and carbon-13 n .m .r .  
s p e c tr a .  In  a d d i t io n ,  th e  s ig n a ls  observed in  th e  range 6 8 .70  ppm to  
9.21 pp i in  th e  p ro to n  n .m .r .  s p e c tr a ,  and th o se  in  th e  range 6 146.16 
ppm to  149.58 ppm in  th e  carbon-13 n .m .r . s p e c tr a ,  m igh t be accoun ted  
fo r  by th e  CH group a d ja c e n t to  th e  carbon atcxn in  th e  in d o l iz in e  
r in g . F u rth e r , th e  two dow nfie ld  s ig n a ls  in  th e  carbon-13 n .m .r . 
s p e c tr a  may be a ss ig n e d  to  th e  two carbon atoms in  th e  d is e le n a z o le  
r in g .
I t  i s  th e re f o r e  p o s s ib le  th a t  th e  a l t e r n a t iv e  s t r u c tu r e  (318) may 
be th e  c o r re c t  s t r u c tu r e  of th e  r e l a t i v e l y  in s o lu b le  compounds p rep ­
a red  by th e  r e a c t io n  o f in d o l iz in e -3 -c a rb a ld e h y des (276) w ith  th e  
re a g e n t formed by th e  r e a c t io n  of pheny ld ich lo ro p h o sp h in e  (259) w ith
tétraméthylam monium se le n o c y a n a te  (2 6 2 ). I t  may be no ted  t h a t  t h i s
272d is e le n a z o le  r in g  i s  an analogue o f xanthane h y d rid e
However, th e  c o r re c t  s t r u c t u r e  of t h i s  a p p a re n tly  novel system  of 
compounds, which has  been p rep a red  under r e l a t i v e ly  m ild  c o n d itio n s ,
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w i l l  only be c o n c lu s iv e ly  de te rm in ed  once th e  r e s u l t s  o f a  s t r u c tu r e  
a n a ly s i s  a r e  known.
PART C 
EXPERIMENTAL
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INTRODUCTORY NOTES
M elting  p o in ts  w ere  de te rm ined  on a K o fle r h o t - s ta g e  a p p a ra tu s .
Y ie lds r e f e r  to  r e c r y s t a l l i s e d  t . l . c .  pure m a te r ia l ,  u n le s s  
o th e rw ise  s ta te d .
n .m .r .  s p e c t r a  w ere reco rd ed  by Mrs.M .H.Smith, D epartm ent of 
C hem istry, U n iv e rs ity  of S t. Andrews, u s ing  a B ruker WP80 s p e c tro ­
m eter o p e ra tin g  a t  80 .024  MHz and a t  ca . 35^C. n .m .r .  s p e c t r a  w ere 
a ls o  reco rd ed  by D r .I .H .S a d le r  and D r.D .Reed, Departm ent of C hem istry, 
U n iv e rs ity  of Edinburgh, u s in g  a  B ruker WH360 sp ec tro m e te r o p e ra t in g  
a t  360 ,130  MHz and a t  ca . 25°C. S o lu tio n s  in  tr ic h lo rc m e th a n e -d , 
d i c h io r  cm e th an e-d ^  and d im e th y l su lphox ide-dg  w ere 0.4M, excep t w here 
t h i s  c o n c e n tra tio n  cou ld  n o t be o b ta in e d , when s a tu r a te d  s o lu t io n s  
w ere employed. Chemical s h i f t s  (6) a r e  exp ressed  in  p. p.m. dow n fie ld  
from te  tram e thy I s i l a n e  as  i n t e r n a l  re fe re n c e , and J v a lu e s  a re  g iv e n  
i n  Hz. U nless o th e rw ise  s t a t e d  (d= doub le t, t = t r i p l e t ,  q t= q u a r te t ,  
q n = q u in te t, dd=double d o u b le t,  m = m ultip le t, b r= b ro a d ), chem ical s h i f t
v a lu e s  r e f e r  to  s in g le t  a b s o rp tio n s .
11C n .m .r . s p e c t r a  w ere reco rd ed  by M rs.M .H.Smith, D epartm ent of
C hem istry, U n iv e rs ity  of S t. Andrews, u sing  a V arian  CFT20 s p e c tro -
o 13m eter o p e ra tin g  a t  20.000 Mîz and a t  ca- 38 C. C n .m .r . s p e c t r a  
w ere a ls o  reco rd ed  by Dr. I .H .S a d le r  and Dr.D. Reed, Departm ent of 
C hem istry, U n iv e rs ity  of E dinburgh, u s ing  a B ruker WH360 sp e c tro m e te r  
o p e ra t in g  a t  90 .560  Mîz and a t  ca. 30°C. S o lu tio n s  in  t r i c h l o r o -  
m e thane-d, d i c h io r  cm e th  ane-d^ and d im e thy l su lphox ide-dg  were 2.0M, 
excep t when t h i s  c o n c e n tra t io n  could n o t be o b ta in e d , when s a tu r a te d  
s o lu t io n s  w ere employed. Chemical s h i f t s  (5)  a r e  ex p ressed  in  p. p.m.
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dow nfie ld  f  rem te tram e th y  I s i l a n e  a s  i n t e r n a l  re fe re n c e , and J  v a lu e s  
a re  g iv en  in  Hz. U nless o th e rw ise  s ta t e d  (d= doub le t, t= t r i p l e t ,  qt= 
q u a r te t ,  q n = q u in te t, dd=double d o u b le t, m = m ultip le t, b r= b ro ad ), 
chem ical s h i f t  v a lu e s  r e f e r  to  s in g le t  a b so rp tio n s .
Mass s p e c tr a  w ere re c o rd e d , and a c c u ra te  mass d e te rm in a tio n s  
c a r r ie d  o u t, by M r.C ,M illa r, D epartm ent of Q h a n is try , U n iv e rs ity  of 
S t. Andrews, u s in g  an AEI NB902 sp ec tro m ete r.
Carbon, hydrogen and n i t ro g e n  e lem en ta l m ic ro an a ly se s  w ere 
de term ined  by M rs.S. Smith and M iss.C .E .R . Jack , Departm ent of 
C hem istry, U n iv e rs ity  of S t. Andrews, u sing  a C arlo  Erba S trum en t- 
az io n e  E lem ental A nalyzer (MOD. 1106). Selenium a n a ly se s  w ere c a r r i e d  
o u t by Hr. G. R euter, A n a ly t isc h e  L a b o ra to r ie n , 5270 Gummersbach, 1 
E lbach, Germany.
P rocedures
C r i t e r i a  used i n  th e  i d e n t i f i c a t i o n  of p ro d u c ts  in c lu d e d  m e l t in g  
p o in ts  (m .p t . ) ,  b o il in g  p o in t s  ( b . p t . ) ,  t . l . c .  behaviour and n .m .r . 
and mass s p e c tr a l  d a ta .
Thin la y e r  chrcraa tography ( t . l . c . )  was c a r r ie d  ou t on s i l i c a  (MN 
K iese lge l-G ) co a ted  p la t e s  (c a . 0.25mm th ic k ) .
Column chrom atography was c a r r ie d  ou t using  alum ina (Camag 1 GO- 
250 mesh, a c t i v i t y  I I ,  pH 9 .3 -9 .7 )  and s i l i c a  (S o rb s i l  M60 S i l i c a  
G e l) .
S o lu tio n s  w ere e i t h e r  d r ie d  ov er anhydrous magnesium su lp h a te  
u n le s s  o th e rw ise  s ta te d .
S o lv e n ts  w ere ev ap o ra ted  a t  reduced p re s s u re  using  a B uchi ro ta ry  
f ilm  e v ap o ra to r .
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S o lid s  w ere d r ie d  in  vacuo over phosphorus(V) o x id e .
R eac tio n s  and su b seq u en t w ork-ups took  p lace  under re d u c e d - l ig h t  
c o n d itio n s .
M a te r ia ls
"E th e r” r e f e r s  to  d ie th y l  e th e r .  "40-60 P e t ro l"  r e f e r s  to  
petro leum  e th e r  of b o i l in g  range  40- 60°C, and "60-80 p e t r o l "  r e f e r s  
to  petro leum  e th e r  of b o i l in g  range 60-80°C.
AR A cetic  a c id , a c e t i c  an h y d rid e , ace to n e , b u ta n -1 -o l ,  c y c lo -  
hexane, e th a n o l, n -hexane, m ethano l, 40-60 p e t r o l ,  60-80 p e t ro l  and 
p ro p an -2 -o l were a l l  d i s t i l l e d  commercial s o lv e n ts .
Benzene, to lu e n e  and xy len e  w ere h ea ted  a t  r e f lu x  ov er sodium 
w ire  fo r  one hour, and th e n  d i s t i l l e d  to  give th e  dry s o lv e n ts .  E th e r 
was d r ie d  over calcium  c h lo r id e  f o r  48 hou rs , f i l t e r e d ,  h ea ted  a t  
r e f lu x  ov er sodium w ire  f o r  one hour and th e n  d i s t i l l e d .  These 
s o lv e n ts  w ere s to re d  over sodium w ire .
Benzene fo r  chrom a tography was d r ie d  by a z e o tro p ic  d i s t i l l a t i o n ,  
th e  f i r s t  25>S o f th e  d i s t i l l a t e  being used fo r  e x t r a c t io n s  when 
a p p ro p r ia te .  E th er f o r  chrom a tography was d r ie d  ov er calcium  c h lo r id e  
f o r  48 h o u rs , f i l t e r e d  and d i s t i l l e d .
1 ,2 -D ic h lo ro e th a n e , d i ch i o r cwi e th an e  and tr ic h lo rc m e th a n e  w ere 
h e a te d  a t  r e f lu x  ov er phosphorus(V ) oxide f o r  one hour, d i s t i l l e d  and 
r e d i s t i l l e d .
A c e to n i t r i l e  was h e a te d  a t  r e f lu x  over calcium  hydrid e  (40 mesh/ 
95#+, 2g per l i t r e )  f o r  one hour and d i s t i l l e d .  The d i s t i l l a t e  was 
h e a te d  a t  r e f lu x  over sodium h y d rid e  (80# d is p e r s io n  in  o i l ,  2g p e r 
l i t r e )  fo r  one hour and d i s t i l l e d .  The d i s t i l l a t e  was h e a te d  a t
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r e f lu x  ov er phosphorus(V) ox ide f o r  one hour and d i s t i l l e d .  The 
d i s t i l l a t e  was h e a te d  a t  r e f lu x  o v e r calcium  h y d rid e  (40 mesh/95#+, 2g 
p e r  l i t r e )  fo r  one hour and d i s t i l l e d .
N, Æ-Dime thy I f  orm amide was a llow ed  to  s tan d  over calcium  h ydride  
(40 m esh/95#+, 2g p e r l i t r e )  f o r  one week, th e n  d i s t i l l e d  a t  reduced 
p re s s u re .
Potassium  se le n o c y a n a te  was fu se d  by h e a t in g .
Tétraméthylammonium c h lo r id e  was crushed and o v e n -d rie d .
2 ,6 -D im e th y l-4 ü -p y ran -4 -o n e , hexahydro-2ü-az;ep in-2-one and 4- 
h yd roxypyrid ine  w ere r e c r y s t a l l i s e d  commercial re a g e n ts .
Bromoacetone, 1 -b ro a o -3 ,3 -d im e th y lb u ta n -2 -o n e , 2 ,4 ,6 -c y c lo h e p ta -  
t r ie n -1 -o n e ,  d ic h lo ro p h en y lp h o sp h in e , 6 ,7 -d ih y d ro -5 H -1 -p y rin d ine, 2 ,3 -  
d im e th y lp y rid in e , 2 ,4 -d im e th y lp y r id in e , 2 - e th y lp y r id in e ,  1 -m e thy l- 
p y r ro lid in -2 -o n e , o x a ly l c h lo r id e ,  phosphoryl c h lo r id e ,  6 , 7 ,8 , 9 - t e t r a -  
h y d ro -5 H .-o y c lo h ep ta [b ]p y rid in e , and 5 ,6 ,7 ,8 - te t r a h y d ro q u in o l in e  w ere 
a l l  d i s t i l l e d  com mercial re a g e n ts .
M ercu ry (II) a c e ta t e ,  phosphorus(V ) su lp h id e , selenium  powder, 
tetraethylam raonium  io d id e  and tu n g s te n  hexacarbony l w ere a l l  comm­
e r c i a l  re a g e n ts .
Ü ,H -D im ethy lth io f ormamide was p repared  frcm  N, îî-dim e th y lfo rm - 
am ide^^^, a s  m o d ified  by P e t t i t  and GarsonP^^.
2 - ( 5 - t-B u ty 1 -3 E -1 ,2 - d i t h i o l - 3 - y l i d e n e)e th a n a l was p rep a red  from
2235 -  t-b u ty  1-3 -  ( 2-dim e thy  lam inov i i y  1 ) - 1 , 2 -d i th io ly  lium p e rc h lo ra te  ,
i t s e l f  p rep a red  from 3- t - b u t y 1 -5 -m e thy1 -1 ,2 -d ith io ly l iu m  p e rc h lo r -  
220a te  . 3 - t -B u ty l-5 -m e th y l-1 , 2 -d ith io ly l iu m  p e rc h lo ra te  had been
220p re v io u s ly  p rep ared  from 5 ,5 -d im e th y lh e x a n -2 ,4 -d io n e  , and was 
genero u sly  made a v a i la b le  f o r  use a s  a re a g e n t.
2 -  ( 5- Pheny l-3 i lr  1 ,2 -d i t h i o l  - 3 - y l id e  ne ) e th a n a l was p rep ared  from
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753 -(2 -d im e th y la m in o v in y l) -5 -p h e ry l-1 ,2 -d ith io ly liu m  p e rc h lo ra te  ,
i t s e l f  p repared  from S -m e th y l-S -p h e ry l- l ,2 -d ith io ly l iu m  p e rc h lo r -  
7 5a t e  . 3 -M e th y l-5 -p h e r]y l-1 ,2 -d ith io ly liu ra  p e rc h lo ra te  had been
75p re v io u s ly  p rep ared  from 1 -p h e n y lb u ta n -1 ,3 -d io n e  , and was g en er­
o u s ly  made a v a i la b le  f o r  use a s  a re a g e n t.
5 ,6 -D ih y d ro -4 ü -1 ,2 -b e n z o d ith io le -7 -c a rb a ld e h y d e  was p rep ared  f ro n
7 -  ( dime thy laminome thy lid e n e  ) - 4 ,5  ,6 ,7  - te t r a h y  d ro -1 ,2-benz odi th io ly  lium  
207p e rc h lo r a te  , i t s e l f  p rep ared  from 4 ,5 ,6 ,7 - te t r a h y d ro -1 ,2 -b e n z o -
254d i th io ly l iu n  p e rc h lo ra te  . 4 ,5  ,6 ,7 -T e trah y  d ro -1 ,2-benz odi th io ly liu m
p e rc h lo ra te  had been p re v io u s ly  p rep a red  from 2 - hydroxymethyle n e c y c lo -  
207hexanone , and was g en ero u sly  made a v a i la b le  f o r  use a s  a re a g e n t.
2 - (5 -P h e n y l-3 ü ~ l,2 - d i th io l - 3 - y l id e n e ) p ropanai was p repared  from
3 -(2 -d im e th y la m in o -1 -m e th y lv in y l)-5 -p h en y  1 -1 ,2 -d ith io ly l iu m  p e rc h lo r -  
75a t e  , i t s e l f  p rep ared  frcan 3 -e th y l-5 -p h e r iy l -1 ,2 -d ith io ly l iu m  p e r- 
254c h lo ra te  . 3 -E th y l-5 -p h en y  1 -1 ,2 -d i th io ly l iu m  p e rc h lo ra te  had been
75p re v io u s ly  p rep a red  from 1 -p h e n y lp e n ta n -1 ,3 -d io n e  , and was g ener­
o u s ly  made a v a i la b le  f o r  use a s  a  re a g e n t.
Tetraethylammonium p e n ta c a rb o n y lio d o tu n g s ta te (O ) was p rep ared
270from tu n g s te n  hexacarbony l and te traethylam m onium  io d id e  , a s  mod-
258i f i e d  by Pogorzelec
5-P h e n y l-1 ,2 - d i th io l - 3 - o n e  had p re v io u s ly  been p re jn re d  a c c o rd -  f
267 iin g  to  e s ta b l is h e d  methods , and was g en ero u sly  made a v a i la b le  f o r  j
I
use  a s  a re a g e n t. i
5-Pheny 1 - 1 ,2 -d i t h i o l  e -3 - th io n e ^ ^ '^ , 5 - t-b u ty  1 -1 ,2 -d i th i o le - 3 -  |
th io n e ^ ^ ^ , 4 , 5 ,6 ,7 - te t r a h y d r o - 1 , 2 -b en zo d ith io le -3 - th io n e ^ ^ ^  and 4 ,5 -  
d im e thy1 -1 , 2 - d i t h i o l e -3 - th io n e ^ ^ ^  had p re v io u s ly  been p repared  a c c o rd -  j
in g  to  e s ta b l is h e d  methods and w ere gen ero u sly  made a v a i la b le  f o r  th e  j
tp re p a ra t io n  of n .m .r . sam ples. ■
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2.7-Dim ethylindolizine-3~Garbaldehyde was prepared from 2 ,7 -d i-  
24bm ethyl in d o l iz in e  , i t s e l f  p rep a red  from 1-a c e  tony 1 -2 ,4-dim e thy 1-
pyridin ium  brom ide^^^. T h is  i n  tu rn  was p rep ared  from  2 ,4 -d im e th y l-
255p y r id in e  and brom oacetone
741 ,2 -D im e th y lin d o liz in e -3 -c a rb o se le n a ld e h y d e  , 1 ,2-dim e thy 1-
in d o l iz in e -3 -c a rb o th ia ld e h y d e ^ ^ ^ , and 1 ,2 -d im e th y lin d o l iz in e -3 -c a rb -  
248aldehyde had been p re v io u s ly  p rep a red  from 1 ,2 -d im e th y lin d o l iz in e ,  
and w ere g en ero u sly  made a v a i la b le  f o r  th e  p re p a ra t io n  of n .m .r . 
sam ples. 1 ,2 -D im e th y lin d o liz  in e - 3 - c a r baldehy de was a l s o  made a v a i l ­
a b le  f o r  use a s  a re a g e n t.  1 ,2 -D im e th y lin d o liz in e  had been p rev -
255io u s ly  p rep a red  from 1 -a c e to iy  1 -2 -e th y lp y rid in iu m  bromide , i t s e l f
255p rep ared  from 2 -e th y lp y r id in e  and bromoacetone
2 - t-B u ty l-7 -m e th y lin d o l iz in e  was p repared  from 1 - ( 3 ,3 -d im e th y l-
742 -o x o b u ty l)-2 ,4 -d im e  thyIpy  r i d i  n i urn bromide , i t s e l f  p rep a red  from
742 ,4 -d im e th y Ip y r id ine and 1-brom o-3, 3 -d im e thylb u ta n -2 -o n e
2 - t-B u ty 1-1-m e th y lin d o liz in e -3 -o a rb o th ia ld e h y de had been p rev -
249io u s ly  p rep ared  from 2 - t -b u ty  1 -1 -m e th y lin d o liz in e  , and was g en e r­
o usly  made a v a i la b le  f o r  th e  p re p a ra t io n  of n .m .r . sam ples. 2 - t -
B u ty l-1 -m e th y lin d o liz in e  was p rep a red  from 1 -(3 ,3 -d im e th y l-2 -o x o -
74b u ty l) -2 -e th y lp y r id in iu rn  bromide , i t s e l f  p rep ared  from 2 - e th y l-
74p y r id in e  and 1 -b rom o-3 ,3-d im e thylb u ta n -2 -o n e  .
2 -M e th y lin d o liz in e -3 -c a rb a ld e h y d e  had been p re v io u s ly  p rep a red  
248from 2-methy l in d o l iz  in e  , and was g enerously  made a v a i la b le  f o r  th e
p re p a ra t io n  of n .m .r . sam ples. 2 - Methy l in d o l  iz in e  had been p re v io u s ly
255p rep ared  from 1-ace to n y 1 -2 -m e th y Ip y rid in iu rn  bromide , i t s e l f  p re -
255pared  from 2 -m e th y lp y rid in e  and bromoacetone
2 .8-Dimethy l in d o l  iz in e - 3 - c a r b a l  dehy de had been p re v io u s ly  p re ­
pared  from 2 , 8 -d im e th y lin d o liz in e ^ ^ ^ , and was genero u sly  made a v a i l -
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a b le  fo r  th e  p re p a ra t io n  of n .m .r .  sam ples. 2 ,8 -D im e th y lin d o liz in e
had been p re v io u s ly  p rep a red  from 1 -  ace t  oiy 1 -2 ,3  -dim e thy Ipy r i d i  n i urn
brom ide^^^, i t s e l f  p rep a red  from 2 ,3 -dim e thy Ipy r i d i  ne and bromo- 
271ace to n e
2 ,6 -D im e th y lin d o liz in e -3 -c a rb a ld e h y d e  had been p re v io u s ly  p re -
250pared  from 2 ,6 -d im e thy l in d o l  i z in e  , and was g en ero u sly  made a v a i l ­
a b le  fo r  th e  p re p a ra t io n  of n .m .r . sam ples. 2 ,6 -Dimethy l in d o l i z in e
had been p re v io u s ly  p rep a red  from 1-a c e  tony 1 -2 ,5-dim e thy Ipy r i d i n i  um 
27 1bromide , i t s e l f  p rep a red  from 2 ,5 -d im e th y Ip y r id ine and bromo- 
271ace to n e
2 - t-B u ty lin d o liz in e -3 -c a rb a ld e h y d e  had been p re v io u s ly  p rep a red
250frcxa 2 - t -b u ty  l in d o l  i z in e  , and was generously  made a v a i la b le  f o r  th e
p re p a ra t io n  of n .m .r  sam ples. 2 - t-B u ty  l in d o l  i z in e  had been p re v io u s ly
p rep ared  from 1 - ( 3 ,3 -d im e thy1-2-oxo  bu ty1 )-2 -m e th y Ip y r id in i um
brcm ide^^^, i t s e l f  p rep a red  from 2 -m e th y lp y rid in e  and 1 -b ro m o -3 ,3 -d i-  
248methylb u tan -2 -o n e
1 13T ab les of n .m .r . ( H and C) and mass s p e c t r a l  d a ta  a re  to  be 
found a t  th e  end of th e  E xperim en tal S e c t io n  in  A ppendices 1 -  3 
r e s p e c t iv e ly .
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1. S y n th e s is  Of S e le n iu m -T ra n sfe r R eagents
A. S y n th e s is  of Pheny iphosD honosel enoio  D iehl a r id e , ..C25.8).
Red selenium  (9 .4752g , 120mmol), p rev io u s ly  d r ie d  ov er phos- 
phorus(V) oxide fo r  48 h o u rs , was added in  two approx im a te ly  equal 
p o r t io n s  to  d ic h lo ro p h e ry lp h o sp h in e  (259) (13.20m l, lOOmmol) under 
argon . A fte r  each a d d i t io n  of selenium  powder, th e  r e a c t io n  m ix tu re  
was h ea ted  to  170^-175°C, w ith  s w ir l in g . When th e  f i r s t  q u a n t i ty  of 
s e le n iu n  had com ple te ly  r e a c te d , th e  r e a c t io n  m ix tu re  was coo led  
b e fo re  th e  a d d i t io n  of th e  second p o r tio n . When t h i s  was added, and 
a f t e r  th e  r e a c t io n  m ix tu re  had been h ea ted  w ith  s w ir l in g  f o r  20 
m inu tes  and no more selenium  would r e a c t ,  th e  r e a c t io n  m ix tu re  was 
coo led  to  am bient tem p era tu re .
Xylene (25ml) was added to  th e  r e a c t io n  m ix tu re , th e  s o lu t io n  was 
f i l t e r e d  through a p re-w eighed  s i n t e r  and th e  a p p a ra tu s  washed w i th  
x y lene (2 x 5m l). The s o lu t io n  was th e n  made up to  50ml, g iv in g  a 
s to c k  s o lu t io n  of phenylphosphonoseleno ic  d ic h lo r id e  (258) which was 
ap p rox im ate ly  2M in  x /le n e .
The re s id u e  in  th e  s i n t e r  was washed th o ro u g h ly  w ith  benzene 
b e fo re  i t  was d r ie d  in  th e  even (80°C ). The s i n t e r  was th e n  coo led  
and w eighed. The selenium  re s id u e  (1 .6057g, 20.33mmol) in d ic a te d  t h a t  
99.67mmol of selenium  had r e a c te d  w i th  th e  d ich lo ro p h en y lp h o sp h in e
(259) (lOOmmol).
CgH^Cl^PSe MW = 257 .94(53)
The r e a c t io n  was re p e a te d  a s  above, excep t th a t  th e  so lv e n t 
benzene was used in s te a d  of ;cylene. Phenylphosphonoselenoic d i-
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c h lo r id e  (258) was th u s  a ls o  p rep a red  as an approx im ate ly  2M s o lu t io n  
in  benzene.
B. S y n th e s is  Of D ipheiylphosphonoselenolcL  Chl.oride__(26-.Ql
Red selenium  ( 9 .4752g, 120mmol), p re v io u ^ y  d r ie d  over phos- 
phorus(V) oxide fo r  48 h o u rs , was added in  two app rox im a te ly  equal 
p o r t io n s  to  ch lo ro d ip h en y lp h o sp h in e  (261) (17.95m l, lOOmmol) under 
argon. A fte r  each a d d i t io n  of selenium  powder, th e  r e a c t io n  m ix tu re  
was h ea ted  to  180^-185^0, w ith  s w ir l in g . A fte r  20 m inu tes, and when 
most of th e  f i r s t  q u a n t i ty  of selenium  powder had re a c te d , th e  r e a c t ­
io n  m ix tu re  was coo led  b e fo re  th e  a d d i t io n  of th e  second p o r t io n .
When t h i s  was added, th e  r e a c t io n  m ix tu re  was h ea ted  f o r  30 m in u tes  
u n t i l  no more selenium  powder would r e a c t ,  and was th e n  cooled to  
am bient te m p era tu re .
Xylene (25ml) was added to  th e  r e a c t io n  m ix tu re , th e  s o lu t io n  was
f i l t e r e d  t h r o u ^  a pre-w eighed  s i n t e r  and th e  a p p a ra tu s  washed w i th  )1
xy lene (2 x 5m l). The s o lu t io n  was th en  made up to  50ml, and shou ld  
have g iven  a s to c k  s o lu t io n  of d ip h e ry Ip h o sp h o n o se len o ic  c h lo rid e
(260) which was app rox im ate ly  2M in  xylene.
The re s id u e  in  th e  s i n t e r  was washed th o ro u g h ly  w ith  benzene 
befo re  i t  was d r ie d  in  th e  even (80°C ). The s i n t e r  was th en  cooled 
and w eighed. The selenium  re s id u e  (4 .l6 0 2 g , 5 2 .6 9mmol) in d ic a te d  t h a t  
only 67.31mmol of selenium  had re a c te d  w ith  th e  chi or odi pheny Ip h o s- 
phine (261) (lOOmmol).
C^gH^gClP MW = 2 2 0 .6 3 7 8  i
C^gH^gClPSe MW = 299 .59(78)
I
I
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The f a c t  th a t  th e  a c tu a l  p roduct o b ta in ed  was a  m ix tu re  of th e  
u n reac ted  ch lo ro d ip h en y lp h o sp h in e  (261) and th e  d e s ire d  di phenyl­
phosphonoseleno ic c h lo r id e  (2 6 0 ), meant th a t  th e  p re p a ra t io n  of 
d ipheny lpho sphonose leno ic  c h lo r id e  (260) was no t pursued any f u r th e r .
C. S y n th e s is  Of Tétraméthylammonium S elenocyanate  (262)
Tétraméthylammonium c h lo r id e  (264) (43.8395g, 400mmol) was added 
to  a s o lu t io n  of potassium  se len o c y an a te  (263) (57*6303g, 400mmol) in  
a c e t o n i t r i l e  (1200m l). The s o lu t io n  was h ea ted  v ig o ro u s ly  a t  r e f lu x ,  
w ith  s t i r r i n g ,  fo r  4 h o u rs . The r e s u l t in g  w h ite  s o l id  was f i l t e r e d  
from th e  h o t s o lu tio n , and th e  f i l t r a t e  evapo ra ted  to  app rox im a te ly  
400ml in  volume. The h o t s o lu t io n  was f i l t e r e d  once more and th e n  
coo led  to  am bient taupe r a tu r e .  The r e s u l t in g  p r e c i p i t a t e  was f i l ­
te re d , washed w ith  e th e r  and d r ie d  in  vacuo to  a f fo rd  té tra m é th y l­
ammonium se len o c y an a te  (2 6 2 ), w h ite  f la k e s  (2 4 .4 1 11g, 3 4 .1 # ) , de­
com po sition  from 251°C. The f i l t r a t e  was evap o ra ted  to  app rox im a te ly  
200ml in  volume, and a crop  of w h ite  m ic ro p rian s  (24.0095g, 33 .5#) 
o b ta in e d  in  an id e n t i c a l  manner. F u rth e r  ev a p o ra tio n  and f i l t r a t i o n  
a ffo rd e d  w h ite  m ic ro p ria n s  (10 .6079g, 1 4 .8 # ). The t o t a l  y ie ld  was 
th u s  (59.0285g, 8 2 .4 # ) .
MW = 179.12(32)
M ic ro an a ly s is  . Found: 33-45 #C 6 .76  #H 15.70 #N
CLH,^NLSe R equ ires: 33-53 #C 6 . 7 5  #H 15.64  #N5 12 2
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A ccurate mass a t  m"^ * 180 Found: No m ' peak was p resen t
CgHigNgSe R eq u ires: 180.0166
1H nmr -  see  Appendix 1 
1 3C rmr -  s e e  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
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2 . P re p a ra t io n  Of Carbonyl—Compounds.
A. P re p a ra t io n  Of ( 1 . 2 -D ith io l-3 -y l id e n e  )carbaldefay.d^g_C 2Z3)
These compounds w ere p rep a red  a s  d e sc rib e d  in  th e  In tro d u c to ry  
No tes to  th e  E xperim ental S e c t io n .
B. P re p a ra tio n  Of In d o liz in e -3 -c a rb a ld e h y des_ _(_27 61
1) P re p a ra t io n  Of Pvridin ium  Bromide S a l t s  (277)
1 -(3 .3 -D im e th y l-2 -o x o b u ty l)-2 .3 -d im e th v lp y rid in iu m  Bromide (277d)
1 t1 -B rom o-3 ;3 -d im e thy lbu tan -2 -one (279 : R =Bu ) (13 .5m l, lOOmmol) 
was added to  2 ,3 -d im e th y lp y r id in e  (2 7 8d) (11.5m l, lOOmmol) in  ace to n e  
(50m l), and th e  s o lu t io n  h ea ted  a t  r e f lu x  f o r  1 .5  h o u rs . The s o lu t io n  
was cooled to  am bient te m p era tu re  and e th e r  added u n t i l  no f u r th e r  
p r e c ip i t a t io n  took p la c e . The p r e c i p i t a t e  was f i l t e r e d ,  washed th o r ­
oughly w ith  e th e r  and d r ie d  in  v acu o . 1 - (3 ,3 -Dim ethy1 -2 -oxobu ty1 ) -
2 ,3 -d im e th y lp y rid in iu m  bromide (2 77d), cream -co loured  m icroprism s 
( 1 2 .197 8g, 42.6% ), was a f fo rd e d  from p ro p a n -2 -o l, m .p t. 214°-216°C.
C^gHgoNQBr MW = 286 .21K  1)
M ic ro an a ly s is
CisH^oNOBr
Found: 54.40 %C 7 .0 9  %H 4 .82  %U
R eq u ires: 54.55 %C 7 .0 4  %H 4 .89  %N
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A ccurate mass a t  m"^ * 2 85 Found: No m"**' peak was p resen t.
^13^20^°®^ R equ ires: 285 .0728
1H nmr -  see  Appendix 1 
13C nmr -  see Appendix 2 
Mass s p e c t r a l  d a ta  -  see  Appendix 3
The r e a c t io n  was re p e a te d  under th e  c o n d itio n s  g iv e n  below.
1-B rom o-3 ,3 -d im e thy lbu tan -2 -one (279 : R^=Bu^) (13 .5m l, lOOmmol) 
was added to  2 ,3 -d im e th y lp y r id in e  (2 7 8d) (11.5m l, lOOmmol) in  ace to n e  
(20ml) and th e  s o lu t io n  h ea ted  a t  r e f lu x  f o r  30 m in u tes .
An id e n t i c a l  work-up a ffo rd e d  1 - (3 ,3 -d im e th y l-2 -o x o b u ty l) -2 ,3 -d i­
me th y I p y r id in ium bromide (ZT7d), cream -co loured  m icroprism s ( I 4 . l4 l7 g ,  
49.4% ), from p ro p a n -2 -o l.
1 - (3 .3 -D im e th v l-2 -o x o b u tv l)- 6 .7 -d ihvd ro -5 H -1 -p v rin d in iu m  
Bromide (277e)
1-B rom o-3 ,3 -d im e thy lbu tan -2 -one (279 : R^=Bu^) (13 .5m l, lOOmmol) 
was added to  6 ,7 -d ih y d ro -5 5 -1-p y r in d in e  (2 7 8e) (11 .7m l, lOOmmol) in  
ace to n e  (50m l), and th e  s o lu t io n  h ea ted  a t  r e f lu x  f o r  2 h o u rs . The 
s o lu t io n  was cooled to  am bient te m p e ra tu re  and e th e r  added u n t i l  no 
f u r th e r  p r e c ip i t a t io n  took  p la c e .  The p r e c ip i t a t e  was f i l t e r e d ,  
washed tho ro u g h ly  w ith  e th e r  and d r ie d  in  vacuo . 1 -(3 ,3 -D im e th y l-2 -  
oxobuty 1 ) -6 ,7 -d ih y d ro -5 ilr  1 -pyrind in ium  bromide (2 7 7 e), p a le  p u rp le  
m icro  p rism s ( 2 6 .6 lOlg, 89.2% ), was a ffo rd e d  from p ro p a n -2 -o l, m .p t. 
205°- 207°C.
— 1 4 8 “
C^yHgoNOBr MW = 2 9 8 . 2 2 2 ( 1 )
M icro an a ly s is Found: 56.55 %C 6 .89  %H 4 .70  %N
R eq u ires: 56 .39  %C 6 .76  %H 4 .70  %N
A ccurate  mass a t  ra^* 297
Cj^H^oNOBr
Found: No m^* peak was p re s e n t,
R eq u ires: 297.0728
1H nmr -  see  Appendix 1 
13C nmr -  see Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
1-(3 .3“Dimethvl“2“Oxobutyl)-5 ,6 .7 .8 -1e trahvdroq ui nolin i um_
Bromide (277f)
1 -B rom o-3 ,3-dim e thylbu tan -2-one (279 : R^=Bu^) (13 .5m l, lOOmmol) 
was added to  5 , 6 , 7 , 8 - te t r a h y d ro q u in o l in e  (27 8f) (13.0m l, lOOmmol) in  
ace to n e  (50m l), and th e  s o lu t io n  h ea ted  a t  r e f lu x  f o r  2 h o u rs . The 
s o lu t io n  was cooled to  am bient te m p era tu re  and e th e r  added u n t i l  no 
f u r th e r  p r e c ip i t a t io n  took  p la c e .  The p r e c ip i t a t e  was f i l t e r e d ,  
washed th o rough ly  w ith  e th e r  and d r ie d  in  vacuo . 1 -(3 ,3 -D im e th y l-2 -  
o x o b u ty l) - 5 , 6 , 7 , 8 - te tra h y d ro q u in o lin iu m  bromide (2 7 7 f) , cream -co loured  
m icroprism s (2 2 .2384g, 71.2% ), was a ffo rd e d  from p ro p a n -2 -o l, m .p t. 
186°-188°C.
Ci^H22N0Br MW = 312 .248(9)
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M icro an a ly s is  Found: 57.57 %C 7 .11  4 .42  %N
Ci^H22N0Br R eq u ires: 57.70 %C 7 .1 0  %H 4 .4 9  %N
A ccurate mass a t  m"*"* 311 Found: No m’*’’ peak was p re se n t,
^15^22^°^^ R eq u ire s : 311.0 885
nmr -  see  Appendix 1
13C nmr -  see  Appendix 2
Mass s p e c tr a l  d a ta  -  see  Appendix 3
1 -(3 .3 -D im e th v l-2 -o x o b u tv l) -6 . 7 . 8 .9 - te t r a h v d ro -  
5H-oy_olohep.taLb 1 pv rid in ium  Bromide ( 27 7g )
1 t1-Bromo-3,3-dime thy lb u ta n -2 -o n e  (279 : R =Bu ) (13 .5m l, lOOmmol) 
was added to  6 ,7 ,8 ,9 - te tra h y d ro -5 ü -c y c lo h e p ta [b .]p y r id in e  (27 8g) 
(15.63m l, lOOmmol) in  ace to n e  (50m l), and th e  s o lu t io n  h ea ted  a t  
r e f lu x  f o r  2 ho u rs . The s o lu t io n  was cooled to  am bient te m p era tu re  
and e th e r  added u n t i l  no f u r t h e r  p r e c i p i t a t io n  took p la c e .  The 
p r e c i p i t a t e  was f i l t e r e d ,  washed tho ro u g h ly  w ith e th e r  and d r ie d  in  
vacuo . 1 -(3 ,3 -D im e th y l-2 -o x o b u ty l) -6 ,7 , 8 ,9 - te tra h y d ro -5 H -c y c lo h e p ta -  
Cillpyr’idin ium  bromide ( 277g ) ,  c ream -co loured  m icroprism s (24.3733g, 
74.7% ), was a ffo rd e d  from p ro p a n -2 -o l, m .p t. 1 7 3 .5 °-1 7 5 .5°C.
C^gH^^NOBr MW = 326 .275(7)
M ic ro an a ly s is  Found: 59.06 %C 7 .4 4  %H 4.21 %N
Ci6H24N0Br Requires: 58.90 %C 7.41  %H 4 . 2 9  %N
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A ccu ra te  mass a t  m^' 325 Found: No m^' peak was p r e s e n t .
C^gH^^NOBr R e q u ir e s :  3 2 5 .1041
nmr -  see  Appendix 1
13C nmr -  see  Appendix 2 
Mass s p e c t r a l  d a ta  -  see  Appendix 3
2) P re p a ra t io n  Of I n d o l iz in e s  (280)
2 - 1 -B u ty l-8 -m e th y lin d o liz in e  (2 80d)
1 - (3 ,3 -D im e th y l-2 -o x o b u ty l)-2 ,3 -d im e th y lp y rid in iu m  bromide (277d) 
(2 8 .6 2 1 1g, lOOmmol) was d is s o lv e d  in  w a te r  (300ml) and washed w ith  
e th e r  (3 x 300m l). Sodium hydrogen c a rb o n a te  (3 3 .3g) was added to  th e  
aqueous s o lu t io n ,  and th e  s o lu t io n  s te a m - d is t i l le d  u n t i l  i t  became 
a p p a re n t t h a t  no more yellow  o i l ,  which was c a r r ie d  o v e r in  th e  
d i s t i l l a t e ,  would be c a r r ie d  o v e r . The d i s t i l l a t e  was e x tra c te d  w ith  
e th e r  (3 x 200ml) and th e  combined e x t r a c t s  w ere washed w ith  w a te r  
(2 X 600m l). The e th e re a l  s o lu t io n  was d r ie d  and ev ap o ra ted , and th e  
re s id u e  d i s t i l l e d  under reduced p re s s u re  ( b .p t .  108°C a t  0.4m bar 
p r e s s u r e ) ,  to  a f fo rd  2 - t-b u ty l-8 -m e th y lin d o l iz in e  ( 2 80d) (17.1238g, 
91.4%) a s  a yellow  o i l .
C^.HyyN MW = 187.284(0)
M ic ro an a ly s is  Found: 83 . 38 %C 9 .14 %H 7 .47  %N
C^gHyyN R e q u ir e s :  83 .37  %C 9 .1 5  %H 7 . 4 8  %N
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A ccu ra te  mass a t  m^* 187 Found; 187 .1363
R e q u ir e s ;  18T.1361
nmr -  see  Appendix 1
13G nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
1 - t-B u tv l-7 .8 -d ih y d ro c v c lo p e n tC h iI in d o liz in e  (28Qe)
1 - (3 ,3 “Dimethy1 -2 -0X0b u ty l ) - 6 ,7 -d ih y d ro -5 ü -  1-pyrind in ium  bromide 
(277e) ( 2 9 .8222g, lOOmmol) was d is so lv e d  in  w a te r  (300ml) and washed 
w ith  e th e r  (3 x 300m l). Sodium hydrogen ca rb o n a te  (3 3 .3g) was added 
to  th e  aqueous s o lu t io n ,  and th e  s o lu t io n  s te a m - d is t i l le d  u n t i l  i t  
became ap p a re n t th a t  no p ro d u c t was being  c a r r ie d  ov er in  th e  d i s t i l l ­
a t e .  The d i s t i l l a t e  was e x t r a c te d  w ith  e th e r  (3 x 200ml) and th e  
combined e x t r a c t s  w ere washed w i th  w a te r  (2 x 600m l). The e th e re a l  
s o lu t io n  was d r ie d  and ev a p o ra te d , bu t a ffo rd e d  no d is c e rn a b le  
p ro d u c t.
1 - t-B u tv l-8 ,9 -d ih v d ro -7 H -p v rro lo [3 . 2 . 1 - i .i3q u in o lin e  ( 2 80f)
1 -(3 ,3 -D im e th y l-2 -o x o b u ty l)- 5 , 6 , 7 , 8 - te tra h y d ro q u in o lin iu m  bromide 
(277f) (31.2249g, lOOmmol) was d is s o lv e d  in  w a te r  (300ml) and washed 
w ith  e th e r  (3 x 300m l). Sodium hydrogen carb o n a te  (3 3 .3g) was added 
to  th e  aqueous s o lu t io n ,  and th e  s o lu t io n  s te a m - d is t i l le d  u n t i l  i t  
became a p p a re n t th a t  no more yello w  o i l ,  which was c a r r ie d  over in  th e  
d i s t i l l a t e ,  would be c a r r ie d  o v e r . The d i s t i l l a t e  was e x tra c te d  w ith  
e th e r  (3 x 200ml) and th e  combined e x t r a c t s  w ere washed w ith  w a te r
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(2  X 600m l). The e th e re a l  s o lu t io n  was d r ie d  and ev ap o ra ted , and th e  
re s id u e  d i s t i l l e d  under reduced  p re s s u re  ( b .p t .  132°C a t  O.Smbar 
p r e s s u re ) .  The yellow  d i s t i l l a t e ,  1- t - b u t y l - 8 ,9 -d ih y d ro -7 ^ -p y rro lo -  
[ 3 ,2 ,1 - j j j q u in o l in e  (280f) (1 3 .0766g, 61.3% ), c r y s t a l l i s e d  very  slow ly  
to  g iv e  cream -co loured  m icro p rism s, m .p t. 42°-45°C .
MW = 213 .321(8)
M ic ro an a ly s is  Found: 84.53 %C 9.07 %H 6 .55  %N
R eq u ires: 84.46 %C 8 .98  %H 6.57 %N
A ccurate mass a t  m'*’* 213 Found: 213.1527
C^gH^gN R eq u ires: 213.1517
nmr -  see  Appendix 1
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
1 - t-B u tv l- 7 ,8 ,9 .I Q - te t r a h v d r o c v c lo h e p t lh i l in d o l iz in e  (280g)
1 -(3 ,3 -D im e th y l-2 -o x o b u ty l) -6 , 7 , 8 , 9 - te trah y d ro -5 ü -cy c lo h ep ta []2 .3 - 
pyrid in ium  bromide (277g) ( I6 .3 1 3 8 g , 50mmol) was d is so lv e d  in  w a te r  
(200ml) and washed w ith  e th e r  (3 % 200m l). Sodium hydrogen ca rb o n a te  
(I6 .6 5 g )  was added to  th e  aqueous s o lu t io n ,  and th e  s o lu t io n  steam - 
d i s t i l l e d  w ith  su p e r-h e a te d  steam  u n t i l  i t  became a p p a re n t t h a t  no 
more yellow  o i l ,  which was c a r r ie d  ov er in  th e  d i s t i l l a t e ,  would be 
c a r r ie d  o v e r. The d i s t i l l a t e  was e x tra c te d  w ith  e th e r  (3 x 200ml) and 
th e  combined e x t r a c t s  w ere washed w i th  w a te r  (2 x 600m l). The
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e th e re a l  s o lu t io n  was d r ie d  and ev a p o ra te d , and th e  re s id u e  d i s t i l l e d  
under reduced p re s s u re  ( b .p t .  148°C a t  I.Ombar p r e s s u r e ) .  The brown 
d i s t i l l a t e ,  l - t - b u ty l- 7 ,8 ,9 ,1 0 - te t r a h y d r o c y c lo h e p t [ & l ] in d o l iz in e  
(280g) (9 .2743g, 81.6%), c r y s t a l l i s e d  very  slow ly to  g iv e  yellow  
m icroprism s, m .p t. 35°-39°C .
MW = 227 . 3 48(6)
M ic ro an a ly s is  Found: 84.67 %C 9.43 %H 6 .0  9 %N
R eq u ires: 84.53 %C 9.31 %H 6 .16  %N
A ccurate mass a t  m^* 227 Found: 227.1667
R eq u ires: 227.1674
1H nmr -  see  Appendix 1 
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
3) P re p a ra t io n  Of In d o liz in e -3 -c a rb a ld e h v d e s  (276)
2 - t-B u tv 1-7 -m e th v lin d o liz in e -3-ca rb a ld eh v d e  (276b)
A s o lu t io n  o f pho sphory l c h lo r id e  (5ml, 55mmol) in  N -d im e thy l- 
formamide (50ml) was added dropw ise over 30 m inu tes to  a s t i r r e d  
s o lu t io n  of 2 - t -b u ty l-7 -m e th y l in d o l iz in e  (280b) ( 9 .3642g, 50mmol) in  
tl,Ji-dim ethylform am ide (50ml) a t  am bient te m p era tu re . The s o lu t io n  was 
s t i r r e d  f o r  a f u r th e r  2 h ou rs , and th e n  aqueous sodium hydroxide 
s o lu t io n  (250ml o f 2M) was added. The s o lu tio n  was cooled to  am bient
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tem p era tu re  and benzene (200ml) added . The s o lu t io n  was added to  
w a te r  (500ml) and e x t r a c te d  w i th  benzene (2 x 400m l). The combined 
benzene e x t r a c t s  w ere th e n  washed w i th  w a te r  (6 x 500m l). The s o l ­
u t io n  was th en  d r ie d , ev ap o ra ted  and th e  re s id u e  sublim ed a t  reduced 
p re s s u re .  The su b lim a te  a ffo rd e d  2 - t -b u ty l-7 -m e th y lin d o l iz in e -3 -  
carba ldehyde ( ZT6b) ,  very  p a le  g re e n  sp a rs  (8 .8 8 l7 g , 82.5%) from 
n-hexane, m .p t. 72°-75°C . A second crop  a ffo rd e d  very  p a le  g reen  
m ic ro sp a rs  (0 .4 2 6 1g, 4,0%) from n -h ex an e . The t o t a l  y ie ld  was th u s  
0 .3 0 7 % , 86.5%).
MW = 215 .294(4)
M ic ro an a ly s is  Found: 78.43 %C 8.15 %H 6 .46  %N
R eq u ire s: 78 .10  %C 7 .96 %H 6.51 %N
A ccurate  mass a t  m*' 215 Found: 215.1313
R eq u ire s: 215.1310
nmr -  see  Appendix 1
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
2 - t-B u tv l-1 -m e th v lin d o liz in e -3 -c a rb a ld e h v d e  (276 c)
A s o lu t io n  o f phosphory l c h lo r id e  (5ml, 55mmol) in  ^ ,ü -d im e th y l-  
formamide (50ml) was added dropw ise over 30 m inutes to  a s t i r r e d  
s o lu t io n  of 2 - t - b u ty 1-1 -m e th y lin d o liz in e  (280c) ( 9 .3642g, 50mmol) in  
ü ,ü -d im e thy lfo rm am ide (50ml) a t  am bient te m p era tu re . ïh e  s o lu t io n  was
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s t i r r e d  f o r  a f u r th e r  2 h o u rs , and th e n  aqueous sodium hydroxide 
s o lu t io n  (250ml of 2M) was added. The s o lu t io n  was cooled to  am bient 
te m p era tu re  and benzene (200ml) added. The s o lu t io n  was added to  
w a te r  (500ml) and e x t r a c te d  w ith  benzene (2 x 400m l). The combined 
benzene e x t r a c t s  w ere th en  washed w ith  w a te r  (6 x 500m l). The s o l ­
u t io n  was th e n  d r ie d , ev ap o ra ted  and th e  re s id u e  sublim ed a t  reduced 
p re s s u r e .  The su b lim a te  a f fo rd e d  2 - t - b u ty 1 - 1 -m e th y lin d o liz in e -3 -  
ca rba ldehyde  (2 7 6 c), yellow  s p a rs  (9 .8 l6 2 g , 91.2%) from n-hexane, 
m .p t. 88°-90°C. A second crop  a f fo rd e d  yellow  m ic ro sp a rs  (0 .2  837g, 
2.6%) from n-hexane. The t o t a l  y ie ld  was th u s  (10.0999g, 93.8% ).
MW = 215.294(4)
M ic ro an a ly s is  Found: 78.37 %C 8 .09  %H 6 .4  8 %N
R eq u ire s : 78 .10  %C 7 .96  %H 6.51 %N
A ccurate  mass a t  m^' 215 Found: 215.1305
R eq u ire s: 215.1310
nmr -  see  Appendix 1
13C nmr -  see  Appendix 2
Mass s p e c t r a l  d a ta  -  see  Appendix 3
2 - t-B u tv l-8 -m e th v lin d o liz in e -3 -c a rb a ld e h v d e  (276d) |
A s o lu t io n  o f phosphory l c h lo r id e  (5ml, 55mmol) in  |L,ü -d im e th y l-  }
formamide (50ml) was added dropw ise ov er 30 m inu tes to  a s t i r r e d
s o lu t io n  of 2 - t - b u ty l-8 -m e th y l in d o l iz in e  (280d) ( 9 .3642g, 50mmol) in  i
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N,N.-dimethylformamide (50ml) a t  am bient te m p e ra tu re . The s o lu t io n  was 
s t i r r e d  fo r  a f u r th e r  2 h o u rs , and th e n  aqueous sodium hydroxide 
s o lu t io n  (250ml of 2M) was added. The s o lu t io n  was coo led  to  am bient 
te m p era tu re  and benzene (200ml) added . The s o lu t io n  was added to  
w a te r  (300ml) and e x t r a c te d  w ith  benzene (2 x 250m l). The combined 
e x t r a c t s  w ere th e n  washed w ith  w a te r  (6 x 500m l). The s o lu t io n  was 
th e n  d r ie d , ev ap o ra ted  and th e  re s id u e  chrom a tographed on alum ina 
(10 X 4.2cm ), i n i t i a l l y  u s in g  benzene as  e lu a n t ,  bu t u l t im a te ly  
b e n z e n e /e th e r  ( 9 :1 ) .  Yellow e lu a t e s  w ere ev ap o ra ted , and a ffo rd e d
2 - t-b u ty l-8 -m e th y lin d o liz in e -3 -c a rb a ld e h y d e  (276d) ,  yellow  p rism s 
(1 0 .3 0 l6 g , 95.7%) from n-hexane, m .p t. 113°-114°C. A second crop  
a ffo rd e d  yellow  p rism s (0 .0 l6 7 g , 0.2%) from n-hexane. "Die t o t a l  y ie ld  
was th u s  (10.3183g, 95.9% ).
MW = 215 .294(4)
M ic ro an a ly s is  Found: 78 .30  %C 8 ,12  %H 6 .4 9
R eq u ires: 78 .10 %C 7 .96  %H 6.51 %N
A ccurate mass a t  m"*** 215 Found: 215.1304
R eq u ires: 215.1310
% nmr -  see  Appendix 1 
13C nmr -  see  Appendix 2
Mass s p e c t r a l  d a ta  -  see  Appendix 3
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1 - t-B u tv l-8 .9 -d ih Y d ro -7 H -p v rro lo [3 . 2 . 1 -i.i ] -  
q u in o lin e -2 -c a rb a ld e h v d e  (276f)
A s o lu t io n  o f pho sphory l c h lo r id e  (5ml, 55mmol) in  N.,ü -d im e th y l-  
formamide (50ml) was added dropw ise over 30 m inutes to  a s t i r r e d  
s o lu t io n  of 1 -  t - b u t y l - 8 ,9 -d ih y d ro -7 ji-p y rro lo [3 ,2 ,1  -  j j_ ]q u in o lin e  (280f) 
( 10 .6661g, 50mmol) in  ü ,Ji-dim e thylform am ide (50ml) a t  am bient tem per­
a tu r e ,  The s o lu t io n  was s t i r r e d  f o r  a f u r th e r  2 hou rs , and th e n  
aqueous sodium hydroxide s o lu t io n  (250ml of 2M) was added. The 
s o lu t io n  was cooled to  am bient te a p e r a tu r e  and benzene (200ml) added. 
The s o lu t io n  was added to  w a te r  (300ml) and e x t ra c te d  w ith  benzene 
(2 X 250m l). The combined e x t r a c t s  w ere then  washed w ith  w a te r  (6 x 
500m l). The s o lu t io n  was th e n  d r ie d ,  evapora ted  and th e  re s id u e  
chrom a tographed on alum ina (10 x 4.2cm ), i n i t i a l l y  u s in g  benzene a s  
e lu a n t ,  but u l t im a te ly  b e n z e n e /e th e r  ( 9 :1 ) .  Yellow e lu a te s  w ere 
ev ap o ra ted , and a ffo rd e d  1 - t - b u t y l - 8 ,9 -d ih y d ro -7 ü -p y r ro lo [3 ,2 ,1 - j j . ] -  
qu ino lin er-2 -carb a ld eh y d e  (2 7 6 f) , yellow  n eed le s  ( 9 .6491g, 80.0%) from 
n-hexane, m .p t. 164°- 166°C. A second crop  a ffo rd e d  yellow  s p a rs  
( 1 .4 822g, 12.3/6) from n -hexane . The t o t a l  y ie ld  was th u s  (11 .1313g, 
92.2% ).
MW = 241 .332(2)
M ic ro an a ly s is
016^,9^0
Found: 79.67 %C 8.01 %H 5.81 %N
R eq u ires: 79.63 %C 7 .94  %H 5.80 %N
A ccurate  mass a t  m*" 241
C 1 6 B 1 9 K O
Found: 241.1474
R e q u ir e s :  241 .1 4 6 7
-  158 -
nmr -  see  Appendix 1
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
1 - t -B u tv l-7 . 8 . 9 . 1 0 - te t ra h v d ro c v c lo h e p t[h i ] -  
in d o liz in e -2 -o a rb a ld e h y d e  (276g)
A s o lu t io n  o f pho sphory l c h lo r id e  (5ml, 55mmol) in  N .,ü-dim e thyl- 
formamide (50ml) was added dropw ise over 30 m inutes to  a  s t i r r e d  
s o lu t io n  of 1 - t - b u ty l - 7 , 8 , 9 , 1 0 - te t ra h y d ro c y c lo h e p t[M .] in d o liz in e  
(280g) (1 1 .3674g, SOmmol) in  ^,N .-dim e thylform am ide (50ml) a t  am bient 
te m p e ra tu re . The s o lu t io n  was s t i r r e d  f o r  a  f u r th e r  2 h o u rs , and th e n  
aqueous sodium hydroxide s o lu t io n  (250ml of 2M) was added. The 
s o lu t io n  was cooled to  am bient te m p e ra tu re  and benzene (200ml) added. 
The s o lu t io n  was added to  w a te r  (300ml) and e x t ra c te d  w ith  benzene 
(2 X 250m l). The combined e x t r a c t s  w ere th e n  washed w ith  w a te r  (6 x 
500m l). Die s o lu t io n  was th e n  d r ie d , evapora ted  and th e  re s id u e  
chrom a tographed on alum ina (10 x 4.2cm ), i n i t i a l l y  u s in g  benzene as  
e lu a n t ,  but u l t im a te ly  b e n z e n e /e th e r  ( 9 :1 ) .  Yellow e lu a te s  w ere 
ev ap o ra ted , and a f fo rd e d  1 - t - b u tv l - 7 .8 .9 .1 0 - te t ra h v d ro c v c lo h e p t[h i  1-  
in d o liz in e -2 -c a rb a ld e h y d e  (276g), c l u s t e r s  o f p a le  yellow  m icroprism s 
( 7 .4374g, 5 8.3%) from n-hexane, m .p t. 92°-93°C. A second crop  
a ffo rd e d  c lu s te r s  o f p a le  yellow  m icroprism s (0 .6248g, 4.9%) from 
n-hexane. The t o t a l  y ie ld  was th u s  (8 .0622g , 63.1% ).
MW = 2 5 5 .3 5 9 ( 0 )
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M ic r o a n a ly s i s
Ci^HgiNO
Found: 7 9 .7 5  %C
R eq u ire s : 79.96 %C
8 .3 6  %H 5 . 3 9  %N
8 .29  %H 5 .4 8  %N
4"#A ccurate  mass a t  m ' 255
C 1 7 H 2 1 N O
Found: 255.1629
R eq u ire s : 255.1623
nmr -  see  Appendix 1
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
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3 . R eac tio n s  In v o lv in g  S e le n iu m -T ra n sfe r R eagents
A. S y n th e s is  Of 1 .6a A ^ -d ith ia -6 -e e le n a p e n ta le n e s  (282)
2 -P h en v l-1 .6 à A ^ -d ith ia -6 -s e le n a p e n ta le n e  (282a)
P henylphosphonoseleno ic d ic h lo r id e  (258) (6.25m l of approx . 2M in
x y len e , approx . 12.5mmol) was added to  2 -(5 -p h e n y l-3 JH -1 ,2 -d ith io l-
3 -y lid e n e )e th a n a l  (273a) (1 .1 0 l6 g , 5mmol) in  benzene (50m l), and th e  
s o lu t io n  h ea ted  a t  r e f lu x  f o r  15 m in u tes . The s o lu t io n  was cooled to  
am bient te m p era tu re  and benzene (350ml) added. The s o lu t io n  was 
washed w ith  w a te r  (1 x 400ml) and th e n  w ith  aqueous sodium hydroxide 
(250ml of 0.5M ). The s o lu t io n  was th e n  f i l t e r e d  th rough  a bed o f 
H yflo Super-C el (1cm ). The f i l t r a t e  was washed w ith  w a te r  (2 x 
250m l), d r ie d ; evap o ra ted  and th e  re s id u e  chrom a tographed on alum ina 
(40 X 2.7cm) u s in g  60-80 p e tro l /b e n z e n e  (2 :1 ) a s  e lu a n t .  P u rp le  
e lu a te s  w ere ev ap o ra ted , and a f fo rd e d  2 -p h e n y l-1,6 aX ^ -d ith ia - 6 - s e le n a -  
p en ta len e  (28 2 a), p u rp le  f la k e s  w ith  a bronze l u s t r e  (0 .5660g, 40.0%) 
from cyclohexane, m .p t. 144°-145°C. A second crop  a ffo rd e d  p u rp le  
sp a rs  (0 .0790g, 5.6%) from n -hexane . The t o t a l  y ie ld  was th u s  
(0 .6450g , 45.6% ).
C^^HgSgSe MW = 283.27(22)
M ic ro an a ly s is  Found: 46.6 8 %C 2.7  8 %H
^11^8^2^° R eq u ires: 46.64 %C 2.85 %H
-  1 6 1  -
A ccu rate  mass a t  m"*** 284 Found; 2 8 3 .9 2 3 7
^11^8^2^° R e q u ir e s :  2 8 3 .9 2 3 3
1H nmr -  see  Appendix 1 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
The r e a c t io n  was re p e a te d  under th e  c o n d itio n s  g iv e n  below.
P henylphosphonoselenoic d ic h lo r id e  (258) (5.0m l of approx . 2M in  
x y len e , approx. lOmmol) was added to  2 - (5 -p h e n y l-3 E -1 ,2 -d ith io l-3 -  
y lid e n e )e th a n a l  (273a) (1 .1 0 l6 g , 5mmol) in  benzene (50m l), and th e  
s o lu t io n  h ea ted  a t  r e f lu x  f o r  15 m in u tes .
An id e n t ic a l  work-up a f fo rd e d  2 -p h e n y l-1 ,6 a A ^ -d ith ia -6 -s e le n a -  
p en ta len e  (282a), p u rp le  f la k e s  w ith  a bronze l u s t r e  ( 0 .5340g, 37.7%) 
from cyclohexane. A second cro p  a f fo rd e d  p u rp le  sp a rs  (0 .0630g, 4,4%) 
from n-hexane. The t o t a l  y ie ld  was th u s  (0 .5970g, 42.1% ).
The r e a c t io n  was re p e a te d  once more under th e  c o n d itio n s  g iv en  
below.
Phenylphosphonoseleno ic d ic h lo r id e  (258) (6.25m l of approx , 2M in  
x y len e , approx . 12.5mmol) was added to  2 - (5 -p h e n y l-3 J [ -1 ,2 -d i th io l -3 -  
y lid e n e )e th a n a l  (273a) (1 .1 0 l6 g , 5mmol) in  dich io ro rae thane (50m l), and 
th e  s o lu t io n  h ea ted  a t  r e f lu x  f o r  1.5 ho u rs .
An id e n t ic a l  work-up a f fo rd e d  2 -p h e n y l-1,6 aX ^-d ith ia - 6 - s e le n a -  
p en ta le n e  (282a), p u rp le  f l a k e s  w ith  a  bronze l u s t r e  (0 .6490g , 45.7%) 
from cyclohexane. A second cro p  a ffo rd e d  p u rp le  sp a rs  (0 .0680g, 4,8%) 
from n-hexane . The t o t a l  y ie ld  was th u s  (0 .7170g, 50.5% ).
-  162 -
2 - t -B u tv l-1 .6 a X ^ -d lth ia -6 -s e le n a D e n ta le n e  (282b) 
P henylphosphonoseleno ic d ic fa lo rid e  (258) (6,25m l of approx . 2M in
x y len e , approx. 12.5mmol) was added to  2 - ( 5 - t - b u ty l - 3 H - 1 ,2 - d i th io l -
3 -y lid e n e )e th a n a l (273b) (1 .0 0 l6 g , 5mmol) in  benzene (50m l), and th e  
s o lu t io n  hea ted  a t  r e f lu x  f o r  15 m in u tes . Die s o lu t io n  was coo led  to  
am bient tem p era tu re  and benzene (350ml) added. Die s o lu t io n  was 
washed w ith  w a te r  (1 x 400ml) and th e n  w ith  aqueous sodium hydroxide 
(250ml o f 0.5M ). Die s o lu t io n  was th e n  f i l t e r e d  th rough  a bed o f 
H yflo Super-C el (1cm ). Die f i l t r a t e  was washed w ith  w a te r  (2 x 
250m l), d r ie d , evap o ra ted  and th e  re s id u e  chrom a tographed on alum ina 
(40 X 2,7cm) u s in g  60-80 p e tro l /b e n z e n e  (2 :1 ) a s  e lu a n t .  P u rp le  
e lu a te s  w ere ev ap o ra ted , and a f fo rd e d  2 - t - b u ty l-1 ,6 a X ^ -d i th ia -6 -  
se le n a p e n ta le n e  (282b), p u rp le  n e e d le s  (0 .5 2 l8 g , 39.6%) from m ethanol, 
m .p t. 72°-73°C . A second crop  a f fo rd e d  p u rp le  n eed le s  ( 0 . 1434g,
10.9%) from m ethanol. Die t o t a l  y ie ld  was th u s  (0 .6652g , 50.5% ).
C H ^g S g S e  MW = 2 6 3 .2 8 (  18) {
M icro an a ly s is  Found: 40.7 8 %C 4 .6 2  %H
C H^gSgSe R eq u ire s : 41.06 %C 4 .5 9  %H
A ccurate  mass a t  m'*’* 264 Found: 263.9535
CgH^gSgSe R eq u ire s : 263.9546
nmr -  see  Appendix 1 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
Die r e a c t io n  was re p e a te d  under th e  c o n d itio n s  g iv en  below.
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Phenylphosphonoseleno ic d i c h lo r id e  (258) (6.25m l of approx . 2M in  
x y len e , approx , 12.5mmol) was added to  2 - (5 - t-b u ty l~ 3 ü -1 ,2 - d i t h i o l -
3 -y lid e n e )e th a n a l (273b) (1 .0 0 l6 g , 5mmol) in  d ich io rom e thane  (50m l), 
and th e  s o lu t io n  h ea ted  a t  r e f lu x  f o r  1.5 ho u rs .
4An id e n t i c a l  work-up a f fo rd e d  2 - t - b u ty 1 -1 ,6 aX - d i t h ia - 6 - s e le n a ­
p en ta len e  (282b), p u rp le  n e e d le s  ( 0 . 5234g, 39.8%) from m ethano l. A 
second crop  a ffo rd e d  p u rp le  n e e d le s  ( 0 . 1496g, 11.4%) from m ethano l.
The t o t a l  y ie ld  was th u s  (0 ,6730g , 51.1% ).
2 -P h e n v l-4 -m e th y l-1 .6a X^ -d ith ia - 6 - s e le n a p e n ta le n e  (282c) 
P henylphosphonoseleno ic d ic h lo r id e  (258) (6.25m l o f approx . 2M in
x y len e , appprox. 12.5mmol) was added to  2 - (5 -p h e n y l-3 ü - 1 ,2 - d i t h i o l -
3 -y lid e n e )p ro p a n a l (273c) (1 .1717g , 5mmol) in  benzene (50m l), and th e  
s o lu t io n  h ea ted  a t  r e f lu x  f o r  15 m in u tes . The s o lu t io n  was coo led  to  
am bient tem p era tu re  and benzene (350ml) added. The s o lu t io n  was 
washed w ith  w a te r  (1 x 400ml) and th e n  w ith  aqueous sodium hydroxide 
(250ml of 0.5M ). The s o lu t io n  was th e n  f i l t e r e d  th rough  a bed o f 
H yflo Super-C el (1cm ). The f i l t r a t e  was washed w ith  w a te r  (2 x 
250m l), d r ie d , evapora ted  and th e  re s id u e  chrom a tographed on alum ina 
(40 X 2.7cm) u s in g  60-80 p e tro l /b e n z e n e  (2 :1 ) a s  e lu a n t .  P u rp le  
e lu a te s  w ere ev ap o ra ted , and a f fo rd e d  2 -p h en y 1 -4 -m e th y l-1 ,6aX ^ - d i t h i a -
6 -s e le n a p e n ta le n e  ( 2 % c ) , p u rp le  n e e d le s  (0 . 92 82g, 62.4%) from c y c lo ­
hexane, m .p t. 118°-119°C. A second crop  a ffo rd e d  p u rp le  n eed le s  
(0 .1150g , 7.7%) from n -hexane . The t o t a l  y ie ld  was th u s  (1 .0  432g, 
7 0 . 2%).
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^12^10^2^® MW = 2 9 7 .2 9 ( 9 0 )
M icro an a ly s is  Found: 48.60 %C 3*33 %H
^12^10^2^® R eq u ire s : 48.48 %C 3 .3 9  %H
A ccurate mass a t  m"*^* 298 Found: 297.9398
^12^10^2^® R eq u ire s: 297.93 89
1H nmr -  see  Appendix 1 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
The r e a c t io n  was re p e a te d  under th e  c o n d itio n s  g iv e n  below.
Phenylphosphonoseleno ic d ic h lo r id e  (258) (6.25m l of approx . 2M in  
xy len e , approx . 12.5mmol) was added to  2 -(5 -p h e n y l-3 H -1,2 - d i t h i o l -
3 -y lid e n e )p ro p a n a l (273o) (1 .1717g , 5mmol) in  d ich io rom e thane (50m l), 
and th e  s o lu t io n  h ea ted  a t  r e f lu x  f o r  1.5 ho u rs .
An id e n t i c a l  work-up a f fo rd e d  2 -p h e n y l-4 -m e th y l-1 ,6 a X ^ -d ith ia -
6 -s e le n a p e n ta le n e  (2 8 2 c), p u rp le  n e e d le s  (0 .7601g, 51.1%) from c y c lo ­
hexane. A second crop  a f fo rd e d  p u rp le  n eed le s  (0 .1095g , 7.4%) from 
n-hexane. The t o t a l  y ie ld  was th u s  ( 0 . 8696g, 5 8.5%).
4 .5 -D ih v d ro -3 H -[1 .2 ] th ia s e le n o lo [4 .5 .1 -h i ] -  
[ 1 .2 ]b e n z o d ith io le -7 a -S ^  (282d)
Phenylphosphonoseleno ic d ic h lo r id e  (258) (6.25m l of approx . 2M in  
x y lene, approx , 12.5mmol) was added to  5 ,ô -d ih y d ro -4 H -1 ,2 -b e n z o d i-  
th io le -7 -c a rb a ld e h y d e  (273d) (0 .9 2 l4 g , 5mmol) in  benzene (50m l), and
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th e  s o lu t io n  h ea ted  a t  r e f lu x  f o r  15 m inu tes. The s o lu t io n  was coo led  
to  am bient te m p era tu re  and benzene (350ml) added. The s o lu t io n  was 
washed w ith  w a te r  (1 x 400ml) and th e n  w ith  aqueous sodium hydroxide 
(250ml of 0.5M ). The s o lu t io n  was th e n  f i l t e r e d  th rough  a bed o f 
Hyflo Super-C el (1cm ). The f i l t r a t e  was washed w ith  w a te r  (2 x 
250m l), d r ie d , ev ap o ra ted  and th e  re s id u e  chrom a tographed on alum ina 
(40 X 2.7cm) u s in g  60-80 p e tro l /b e n z e n e  (2 :1 ) a s  e lu a n t .  P u rp le  
e lu a te s  w ere ev ap o ra ted , and a f fo rd e d  a m ix tu re  of 4 ,5 -d ih y d ro -3 Ü - 
r 1 ,21th ia s e le n o lo r 4 .5 .1 - h i l [ 1 .2 ] b e n z o d i t h i o l e - 7 a - ( 2 8 2 d )  and 4 ,5 -  
d ih y d ro -3 £ -[  1 ,2 ] d i th io l o [ 4 ,5 ,1 -M .] [ 1,2 ] benzodi th io l  e-7  a -^^  (283d), 
p u rp le  f la k e s  (0 .3103g , 25.1%) from n-hexane, m .p t. 7 9°-80°C . A 
second crop a ffo rd e d  p u rp le  f l a k e s  ( 0 .0869g, 7.0%) from n-hexane. The 
t o t a l  y ie ld  was th u s  ( 0 .3972g, 32.1% ).
CgHgSgSe MW = 247 . 23 ( 84)
M icro an a ly s is  Found: 40.17 %C 3 .3  8 %H
^8^8^2^® R eq u ire s: 38.86 %C 3.26 %H
CgHgSg R eq u ires : 47.96 %C 4 .0 2  %H
A ccurate mass a t  m"*"' 248 Found: 247 . 92 40
CgHgS^Se R eq u ire s : 247.9233
^H nmr -  see  Appendix 1
Mass s p e c tr a l  d a ta  -  see  Appendix 3
The r e a c t io n  was re p e a te d  under th e  c o n d itio n s  g iv e n  below.
— 16 6 —
Phenylphosphonoseleno ic d i c h lo r id e  (258) (6,25m l of approx, 2M i n  
x y le n e , approx . 12.5mmol) was added to  5 ,6 -d ih y d ro -4 H -1 ,2 -b en zo d i-  
th io le -7 -c a rb a ld e h y d e  (273d) (0 .9 2 l4 g , 5mmol) in  dich lo rom e thane 
(50m l), and th e  s o lu t io n  h ea ted  a t  r e f lu x  f o r  1.5 h o u rs .
An id e n t i c a l  work-up a f fo rd e d  a s im i la r  m ix tu re  o f 4 ,5 -d ih y d ro -  
3 ü -  [ 1 ,2 ] th ia s e le n o lo [ 4 ,5 ,1 - h i ! [ 1 ,2 ] benz odi th io le -7  (2 82d) and
4 ,5 -d ih y d r o - 3 £ - [ 1 ,2 ] d i th io lo [ 4 ,5 ,1 - i i i ] [ 1 ,2 ] b e n z o d i th io le -7 a - ^ ^  (2 8 3 d ), 
p u rp le  f la k e s  ( 0 .3640g, 29.5%) from n-hexane . A second crop  a ffo rd e d  
p u rp le  f la k e s  (0 .1289g , 10.4%) from n-hexane. The t o t a l  y ie ld  was 
th u s  (0 .4929g , 39.9% ).
I t  was e v id e n t from th e  mass s p e c t r a l  d a ta ,  th e  nmr d a ta  and th e  
m ic ro a n a ly t ic a l  d a ta  th a t  th e  d e s ir e d  p ro d u c t, namely 4 ,5 -d ih y d ro -3 ü -  
r 1 ,21th ia s e le n o lo f 4 . 5 . 1- h i l [ 1 .2 lb e n z o d ith io le -7 a -S ^  (282d ), was n ever 
i s o la t e d  from th e  co rresp o n d in g  d ith io lo b e n z o d i th io le  (283d).
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B. S y n th e s is  Of In d o liz in e -3 -o a rb o selermldehvde8_(2_B5j
2 .7 -D im e th v lin d o liz in e ~ 3 -c a rb o se le n a ld e h v d e  (285a) 
Phenylphosphonoseleno ic d ic h lo r id e  (258) (3.75m l o f approx. 2M in
x y len e , approx. 7.5mmol) was added to  a s t i r r e d  s o lu t io n  of 2 ,7 - d i -  
m e th y lin d o liz in e -3 -c a rb a ld e h y d e  (276a) (0 .8 6 6 lg , 5mmol) in  d ic h lo ro ­
methane (100m l). The s o lu t io n  was s t i r r e d  a t  am bient te m p era tu re  f o r  
10 m inu tes, th e n  d ich lo rom e thane  (400ml) added. The s o lu t io n  was 
washed w ith  aqueous sodium hydrox ide s o lu t io n  (200ml of 0.5M) and th e n  
w ith  w a te r  (400m l). The s o lu t io n  was d rie d  and ev ap o ra ted  and th e n  
benzene (50ml) added to  th e  r e s id u e .  This was in  tu r n  ev ap o ra ted  and 
th e  re s id u e  e x t ra c te d  w ith  a l iq u o t s  o f warm benzene (100ml in  t o t a l ) .  
The combined e x t r a c t s  w ere coo led  to  am bient te m p era tu re  and chrom a to­
graphed w ith o u t f u r th e r  e v a p o ra t io n  on alum ina (35 x 2.6cm) u s in g  
benzene as  e lu a n t .  I n i t i a l  yellow  e lu a te s  w ere d is c a rd e d , and th e  
e lu a n t changed to  b e n z e n e /e th e r  ( 9 :1 ) .  Green e lu a te s  w ere evap o ra ted  
and th e n  d is so lv e d  in  d ich lo rom e thane  (10m l). A fte r  f i l t r a t i o n ,  th e  
s o lu t io n  was ra p id ly  reduced to  app rox im a te ly  3ml in  volume on a 
w a te r-b a th  and warm n-hexane (50ml) added. The s o lu t io n  was allow ed  
to  c r y s t a l l i s e  and th e  p r e c i p i t a t e  washed once w ith  n-hexane to  a f fo rd
2 .7 -d im e thy l in d o l iz in e - 3 - c a r b o se len a ld eh y d e  (2 8 5 a), g reen  n eed le s  
(0 .3 5 8 3 s, 30.3% ), m .p t. 140°-142°C, w ith  s l i g h t  decom po sition  from 
139°C. A second crop  a ffo rd e d  g re e n  n eed le s  (0 .0521g, 4.4%) from 
n -hexane. The t o t a l  y ie ld  was th u s  (0 .4104g, 34.8% ).
The r e a c t io n  and su b sequen t w ork-up w ere c a r r ie d  o u t under 
re d u c e d - l ig h t  c o n d itio n s .
N8e MW = 2 3 6 .1 7 ( 4 6 )
— 16 8 —
M icro an a ly s is  Found; 55.83 %C 4 .6 2  %H 5 .80 %N
C^^H^^NSe R eq u ires ; 55.94 %C 4 .69  %H 5.93 %N
A ccurate mass a t  m^" 237 Found: 237.0053
C^^H^^NSe R eq u ires : 237.0057
nmr -  see  Appendix 1
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
2 -t-B u tv l-7 -m e th v lin d o liz in e -3 -o a rb o s e le n a ld e h v d e  (285b)
Phenylphosphonoseleno ic d ic h lo r id e  (258) (3 .75m l o f approx . 2M in  
x y len e , approx . 7.5mmol) was added to  a s t i r r e d  s o lu t io n  o f 2 - t - b u t y l -
7 -m e th y lin d o liz in e -3 -c a rb a ld e h y d e  (276b) ( 1 .0765g, 5mmol) in  d ic h lo ro ­
methane (100m l). The s o lu t io n  was s t i r r e d  a t  am bient te m p era tu re  f o r  
10 m inu tes, th en  d ich lo rom e thane (400ml) added. The s o lu t io n  was 
washed w ith  aqueous sodium hydrox ide s o lu t io n  (200ml of 0.5M) and th e n  
w ith  w a te r  (400m l). The s o lu t io n  was d r ie d  and ev ap o ra ted  and th e n  
benzene (50ml) added to  th e  r e s id u e .  This was in  tu rn  ev ap o ra ted  and 
th e  re s id u e  e x t ra c te d  w ith  a l iq u o t s  o f warm benzene (100ml in  t o t a l ) .  
The combined e x t r a c t s  w ere coo led  to  am bient te m p era tu re  and chrom a to­
graphed w ith o u t f u r th e r  e v a p o ra t io n  on alum ina (35 x 2.6cm) u s in g  
benzene a s  e lu a n t .  I n i t i a l  yellow  e lu a te s  w ere d is c a rd e d , and th e  
e lu a n t changed to  b e n z e n e /e th e r  ( 9 :1 ) .  Green e lu a te s  w ere ev ap o ra ted  
and th e n  d is so lv e d  in  d ich lo ro m e th an e  (10m l). A fte r  f i l t r a t i o n ,  th e  
s o lu t io n  was r a p id ly  reduced to  ap p rox im a te ly  3ml in  volume on th e  
w a te r-b a th  and warm n-hexane (50ml) added. The s o lu t io n  was allow ed
-  169 -
to  c r y s t a l l i s e  and th e  p r e c i p i t a t e  washed once w ith  n-hexane to  a f fo rd
2 - t-b u ty  1 -7 -m e th y lin d o liz in e -3 -c a rb o  s e l  en a l dehyde (2 85b), p u rp le  
p la t e s  (0 .8755g, 62.9% ), m .p t. 108°-110°C, w ith  s l i g h t  decom po sition  
from 106°C. A second crop  a f fo rd e d  p u rp le  p la te s  (0 .1320g , 9.5%) from 
n-hexane. The t o t a l  y ie ld  was th u s  (1 .0075g, 72.4% ).
The r e a c t io n  and su b seq u en t w ork-up w ere c a r r ie d  o u t under 
r e d u c e d - l ig h t  c o n d it io n s .
C^^H^^NSe MW = 27 8 .25(50)
M ic ro an a ly s is  Found; 60 .45  %C 6.10 %H 4.95 %N 28.35  %Se
C^yH^yNSe R eq u ires: 60.43 %C 6.16 %H 5 .03  %N 28 .38  %Se
A ccura te  mass a t  m"*** 279 Found: 279.0534
C^^H^^NSe R e q u ire s : 279.0526
nmr -  see  Appendix 1
13C nmr -  see Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
2 - t-B u tv 1-1-me th v l in d o l iz  in e -3 -c a  rbo se lena ldehvde  (285c)
Phenylphosphonoseleno ic d ic h lo r id e  (258) (3.75m l of approx . 2M in  
xy lene, approx. 7.5mmol) was added to  a s t i r r e d  s o lu t io n  o f 2 - t - b u t y l -
1-m e th y lin d o liz in e -3 -c a rb a ld e h y d e  (276c) ( 1 .0765g, 5mmol) in  d ic h lo ro ­
methane (100m l). The s o lu t io n  was s t i r r e d  a t  am bient te m p era tu re  f o r  
10 m inu tes, th en  d ich lo rom e thane  (400ml) added. The s o lu t io n  was 
washed w ith  aqueous sodium hydrox ide  s o lu t io n  (200ml o f 0.5M) and th e n
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w ith  w a te r (400m l), The s o lu t io n  was d r ie d  and ev ap o ra ted  and th e n  
benzene (50ml) added to  th e  r e s id u e .  This was in  tu rn  ev ap o ra ted  and 
th e  re s id u e  e x t ra c te d  w ith  a l iq u o t s  o f warm benzene (100ml in  t o t a l ) .  
The combined e x t r a c t s  w ere coo led  to  am bient tem p era tu re  and chrom a to­
graphed w ith o u t f u r th e r  e v a p o ra t io n  on alum ina (35 x 2.6cm) u s in g  
benzene as  e lu a n t .  I n i t i a l  yellow  e lu a te s  were c o l le c te d ,  and th e  
e lu a n t changed to  b e n z e n e /e th e r  ( 9 :1 ) .  Green e lu a te s  w ere evap o ra ted  
and th e n  d is so lv e d  in  d ich lo ro m e th an e  (10m l). A fte r  f i l t r a t i o n ,  th e  
s o lu t io n  was r a p id ly  reduced to  ap p rox im a te ly  3ml in  volume on a 
w a te r-b a th  and warm n-hexane (50ml) added. The s o lu t io n  was allow ed 
to  c r y s t a l l i s e  and th e  p r e c i p i t a t e  washed once w ith  n-hexane to  a f fo rd
2 - t-b u ty l-1 -m e th y lin d o liz in e -3 -c a rb o s e le n a ld e h y d e  (2 8 5 c), g reen  
n e e d le s  (0 .3790g, 27.2% ), m .p t. 167°-169°C, w ith  s l i g h t  decom po sition  
from 165°C. A second crop  a f fo rd e d  g reen  n eed le s  (0 .0637g, 4,6%) frcm 
n -hexane . The t o t a l  y ie ld  was th u s  (0 .4427g, 31.8% ).
The r e a c t io n  and subsequen t work-up w ere c a r r ie d  o u t under 
re d u c e d - l ig h t  c o n d itio n s .
C^yH^yNSe MW = 278.25(50)
M ic ro an a ly s is  Found: 60.69 %C 6.27 %H 4 .94  %N
C^yH^yNSe R eq u ire s : 60.43 %C 6.16  %H 5.03  %N
A ccurate mass a t  m"*"* 27 9 Found: 27 9 .05 1 8
C^yH^yNSe R eq u ires : 27 9*0 526
1H nmr -  see  Appendix 1 
13C nmr -  see  Appendix 2
-  171 -
Mass s p e c tr a l  d a ta  -  see  Appendix 3
The i n i t i a l  yellow  e ln a te s  w ere evapo ra ted  and th e  re s id u e  r e -  
chroraa tographed on alum ina (15 x 2.6cm) u s in g  40-60 p e tro l/b e n z e n e  
(4 :1 )  a s  e lu a n t .  Yellow e lu a te s  w ere evapo ra ted  and a ffo rd e d  1 ,2 -d i -  
( 2 - t - b u ty l -1 -m e th y l in d o l iz in -3 -y l )e th e n e  (288c), go lden  o i l  (0 .4625g , 
46.4% [ w . r . t .  th e  r e a c ta n t  in d o liz in e -3 -c a rb a ld e h y d e  (2 7 6 c ) ] ) .
MW = 398 .590(0)
M ic ro an a ly s is  Found: 84.0 8 %C 8.56 %H 7 .3 1  %N
^28^34^2 R eq u ires : 84.37 %C 8.60 %H 7 .0 3  %N
Mass s p e c tr a l  d a ta  -  see Appendix 3
2 - t-B u ty 1 - 8-methyl in d o l iz in e - 3 - o a r b o s e le naldehvde (2 85d)
Phenylphosphonoseleno ic d ic h lo r id e  (258) (3.75m l of approx . 2M in  
xy len e , approx . 7.5mmol) was added to  a s t i r r e d  s o lu t io n  o f 2 - t - b u t y l -
8 -m e th y lin d o liz in e -3 -c a rb a ld e h y d e  (Zf6d) ( 1 .0765g, Smmol) in  d ic h lo ro -  
methane (100m l). The s o lu t io n  was s t i r r e d  a t  am bient te m p era tu re  f o r  
10 m inu tes, th e n  d ich io ro rae thane  (400ml) added. The s o lu t io n  was 
washed w ith  aqueous sodium hydrox ide s o lu t io n  (200ml o f 0.5M) and th e n  
w ith  w a te r  (400m l). The s o lu t io n  was d r ie d  and ev ap o ra ted  a n d .th e n  
benzene (50ml) added to  th e  r e s id u e .  This was in  tu rn  ev ap o ra ted  and 
th e  re s id u e  e x t r a c te d  w ith  a l iq u o t s  o f warm benzene (100ml in  t o t a l ) .  
The combined e x t r a c t s  w ere coo led  to  am bient tem p era tu re  and chrom a to­
graphed w ith o u t f u r th e r  e v a p o ra t io n  on alum ina (35 x 2.6cm) u sin g
— 17 2 —
benzene a s  e lu a n t .  I n i t i a l  yellow  e lu a te s  w ere d isc a rd e d , and th e  
e lu a n t  changed to  b e n z e n e /e th e r  ( 9 :1 ) .  Green e lu a te s  w ere evap o ra ted  
and th e n  d is so lv e d  in  d ich io ro m e th an e  (10m l). A fte r  f i l t r a t i o n ,  th e  
s o lu t io n  was r a p id ly  reduced to  ap p ro x im a te ly  3ml in  volume on th e  
w a te r-b a th  and warm n-hexane (50ml) added. The s o lu t io n  was allow ed 
to  c r y s t a l l i s e  and th e  p r e c i p i t a t e  washed once w ith  n-hexane to  a f fo rd
2 - t-b u ty l-8 - ra e th y lin d o liz in e -3 -c a rb o s e le n a ld e h y d e  (285d), o l iv e  m icro­
sp a rs  (0 .7 1 l6 g , 51.1% ), m .p t. 169 .5°-170 .5°C , w ith  s l i g h t  decompos­
i t i o n  from 168°C. A second crop  a ffo rd e d  o l iv e  m io ro sp a rs  (0 .0525g, 
3.8%) from n-hexane. The t o t a l  y ie ld  was th u s  (0 .7 6 4 lg , 54.9% ).
The r e a c t io n  and su b sequen t w ork-up w ere c a r r ie d  o u t under 
re d u c e d - l ig h t  c o n d it io n s .
C^yH^yNSe MW = 278.25(50)
M ic ro an a ly s is  Found: 60.75 %C 6 .20  %H 5 .0 2  %N
C^^H^yNSe R eq u ires: 60.43 %C 6.16 %H 5 .03  %N
A ccurate mass a t  m"*"' 279 Found: 279.0534
C^^H^yNSe R eq u ires : 27 9.0526
nmr -  see  Appendix 1
13G nmr -  see  Appendix 2 
t& ss s p e c t r a l  d a ta  -  see  Appendix 3
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1-t-B u tv l-8 .9 -d ih vdro-7 H- pv rrol o [3 .2 , J -  ijJL% 
quinoline-2-Q arboselenaldehvde ( 2 8 5 fl
Phenylphosphonoseleno ic d ic h lo r id e  (258) (3.75m l o f approx . 2M in  
x y len e , approx . 7.5mmol) was added to  a s t i r r e d  s o lu t io n  o f 1 - t - b u ty l -  
8 ,9 -d ihydro -7 ii“ P y r ro lo [3 ,2 ,1 - i i l a u in o l in e -2 -c a rb a ldehvde (276f) 
(1 .2067g , 5mmol) in  d ich io ro m e th an e  (100m l). The s o lu t io n  was s t i r r e d  
a t  am bient te m p era tu re  f o r  10 m in u te s , th en  d ich io rom e thane (400ml) 
added. The s o lu t io n  was washed w i th  aqueous sodium hydroxide s o lu t io n  
(200ml of 0.5M) and th e n  w ith  w a te r  (400m l). The s o lu t io n  was d r ie d  
and ev ap o ra ted  and th e n  benzene (50ml) added to  th e  r e s id u e .  This was 
in  tu rn  evap o ra ted  and th e  re s id u e  e x t ra c te d  w ith  a l iq u o t s  of warm 
benzene (100ml in  t o t a l ) .  The combined e x t r a c t s  w ere coo led  to  
am bient tem p era tu re  and chrom a tographed w ith o u t f u r th e r  e v a p o ra tio n  on 
alum ina (35 x 2.6cm) u s in g  benzene a s  e lu a n t .  I n i t i a l  yellow  e lu a te s  
w ere d isc a rd e d , and th e  e lu a n t  changed to  b e n z e n e /e th e r  ( 9 :1 ) .  Green 
e lu a te s  w ere evap o ra ted  and th e n  d is s o lv e d  in  d ich io rom e thane (10m l). 
A fte r  f i l t r a t i o n ,  th e  s o lu t io n  was r a p id ly  reduced to  ap p ro x im a te ly  
3ml in  volume on a w a te r-b a th  and warm n-hexane (50ml) added. The 
s o lu t io n  was allow ed to  c r y s t a l l i s e  and th e  p r e c i p i t a t e  washed once 
w ith  n-hexane to  a f fo rd  1 - t - b u t y l - 8 ,9 -d ih y d ro -7 ü -p y rro lo [3 t2 , l - J j . ] -  
q u in o lin e -2 -c a rb o se le n a ld e h y d e  (2 8 5 f) ,  g reen  m ic ro n eed le s  (0 .7935g, 
52.2% ), m .p t. 186.5°-188°C , w ith  s l i g h t  decom position  from 184°C. A 
second crop  a ffo rd e d  g reen  m ic ro n eed le s  (0 .0428g, 2.8%) from 
n-hexane . The t o t a l  y ie ld  was th u s  ( 0 . 8363g, 55.0% ).
The r e a c t io n  and subsequen t work-up w ere c a r r ie d  o u t under 
re d u c e d - l ig h t  c o n d itio n s .
NSe MW = 3 0 4 .2 9 ( 2 8 )
174 -
M io r o a n a ly s i s  Found: 63*11 %C 6 .3 3  %H 4 . 6 2  %N 2 6 .1 5  %Se
C^^HjgNSe R eq u ires: 63 .15  %C 6 .29  %H 4 .6 0  %N 25.95 %Se
A ccurate  mass a t  m'*’* 305 Found: 305.0688
C^^HggNSe R eq u ires: 305.0683
1H nmr -  see  Appendix 1 
13C nmr -  see Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
1 - t-B u tv l-7 .8 .9 .lO - te t r a h v d ro c v c lo h e p tE h il-  
in d o l iz in e -2 -c a rb o s e le n a ldehv de ( 285g)
P henylphosphonoselenoic d ic h lo r id e  (258) (3.75m l o f approx.2M  in  
xy len e , approx. 7.5mmol) was added to  a s t i r r e d  s o lu t io n  of 1 - t - b u ty l -  
7 ,8 ,9 ;  10- te tra h y d ro c y c lo h e p t[ j3jL ] in d o liz in e -2-ca rb a ld eh y d e  (276g)
( 1 .2768g, Smmol) in  d ichiorom  e th a n e  (100m l). The s o lu t io n  was s t i r r e d  
a t  am bient tem p era tu re  f o r  10 m in u tes , then  d ich lo rcm e thane  (400ml) 
added. The s o lu t io n  was washed w i th  aqueous sodium hydroxide s o lu t io n  
(250ml of 0.5M) and th e n  w ith  w a te r  (2 x 400m l). The s o lu t io n  was 
d r ie d  and ev ap o ra ted  a t  am bien t te m p e ra tu re ,a n d  th e n  benzene (50ml) 
added to  th e  r e s id u e .  This was i n  tu rn  evapo ra ted  and th e  re s id u e  
e x t ra c te d  w ith  a l iq u o t s  o f warm benzene (100ml in  t o t a l ) .  The 
combined e x t r a c t s  w ere coo led  to  am bient tem p era tu re  and chrom a to­
graphed w ith o u t f u r th e r  e v a p o ra t io n  on alum ina (35 x 2.6cm) u s in g  
benzene a s  e lu a n t .  I n i t i a l  yellow  e lu a te s  were d isc a rd e d , and th e  
e lu a n t changed to  b e n z e n e /e th e r  ( 9 :1 ) .  Green e lu a te s  w ere ev ap o ra ted  
a t  am bient te m p era tu re  and th e n  d is s o lv e d  i n  d ich lo rom e thane (10m l).
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A f te r  f i l t r a t i o n ,  th e  s o lu t io n  was r a p id ly  reduced to  ap p rox im a te ly  
3ml in  volume on th e  w a te r -b a th  and warm n-hexane (50ml) added. The 
s o lu t io n  was allow ed to  c r y s t a l l i s e  and th e  p r e c i p i t a t e  washed once 
w ith  n-hexane to  a f fo rd  1 - t - b u t v l - 7 ,8 . 9 . 1 0 - te t r a h v d ro c v c lo h e p t rh il -  
in d o liz in e -2 -c a rb o s e le n a ld e h y d e  (285g), c l u s t e r s  o f ochre  m ic ro n eed le s  
( 0 .3438g, 21.6% ), m .p t. 163°-165°C, w ith  s l i g h t  decom po sition  from 
161°C. A second crop  a ffo rd e d  c l u s t e r s  o f ochre m icro n eed les  
(0 .2959g , 18.6 %) from n -hexane . The t o t a l  y ie ld  was th u s  (0 .6397g, 
40.2% ).
The r e a c t io n  and subsequen t w ork-up w ere c a r r ie d  o u t under 
r e d u c e d - l ig h t  c o n d it io n s .
C^yHg^NSe MW = 3 1 8 .3 1 ( 9 6 )
M icro an a ly s is Found; 63.89 %C 6.51 %H 4.11 %N
R eq u ire s : 64.15 %C 6 .65  %H 4.40 %N
A ccurate  mass a t  m 319
C i t H ^ i N S c
Found: 319.0 817
R eq u ires ; 319.0839
nmr -  see  Appendix 1
13C nmr -  see Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
-  176 -
C. S y n th e s is  Of P e n ta c a rb o n y K in d Q liz in e -
3 -ca rb o se Ien a ld eh v d e -S e ) tu n g sten (Q ) Complexes (290).
Pe,nta.Qa,iib.Q.ny.I.( .2.^ 1 .-41me i ng-
3-»oarboselenaldehvde-Se) tu n g 3 te n (0 ) (290a)
Tetraethylamm onium p e n ta o a rb o n y lio d o tu n g s ta te (O ) (291) (1 .2783g ,
2 .2mmol) and 2 ,7 -d im e th y lin d o liz in e -3 -c a rb a ld e h y d e  (276a) (0 .3464g, 
2mmol) w ere d is so lv e d  in  d ioh lo rom e thane (100m l). Phenylphosphono- 
s e le n o io  d ic h lo r id e  (258) (1.5m l of approx. 2M in  jqrlene, approx.
3mmol) was added, and th e  s o lu t io n  s t i r r e d  a t  am bient tem p era tu re  f o r  
10 m in u tes . D ich lo r on e th an e  (300ml) was added and th e  s o lu t io n  washed 
w ith  aqueous sodium hydroxide (250ml of 0.5M) and th e n  w ith  w a te r  (2 x 
400m l). The s o lu t io n  was d r ie d  and ev ap o ra ted  a t  am bient tem per­
a tu r e .  Benzene (50ml) was added, and th e n  ev ap o ra ted .
The re s id u e  was e x t ra c te d  w i th  a l iq u o t s  of warm benzene (200ml in  
t o t a l ) ,  and th e  e x t r a c t s  chrcm a tographed w ith o u t f u r th e r  e v a p o ra t io n  
on s i l i c a  (35 x 2,6cm) u s in g  benzene a s  e lu a n t.  Blue e lu a te s  w ere 
ev ap o ra ted  a t  am bient te m p e ra tu re , and th e  re s id u e  d is so lv e d  in  
d ioh lorom e thane (20m l). A f te r  f i l t r a t i o n ,  th e  s o lu t io n  was r a p id ly  
reduced to  ap p rox im a te ly  5ml in  volume on th e  w a te r -b a th . Warm 
n-hexane (50ml) was added and th e  s o lu t io n  reduced in  volume s l i g h t ly  
b e fo re  being allow ed  to  co o l. The r e s u l t in g  p r e c i p i t a t e  was f i l t e r e d  
and washed once w ith  n-hexane to  a f fo rd  p e n ta c a rb o n y l(2 ,7 -d im e th y l-  
in d o l iz in e - 3 - c a r b o s e le n a ld ehyde-S e)tungstenC 0) (2 9 0 a ), c l u s t e r s  of 
b la c k  m ic ro n eed le s  w ith  a m e t a l l i c  p u rp le  sheen (0 .4 l8 2 g , 37.3% ), 
decom po sition  from approx . 170°C. A second c ro p  was o b ta in ed  i n  a 
s im i la r  manner, and a f fo rd e d  c l u s t e r s  o f b la c k  m ic ro n eed le s  w ith  a 
m e t a l l i c  p u rp le  sheen (0 .0253g, 2 .3% ). The t o t a l  y ie ld  was th u s
-  177 -
(0 .4435g , 39.6% ).
The r e a c t io n  and su b seq u en t w ork-up w ere c a r r ie d  ou t under 
re d u c e d - l ig h t  c o n d itio n s .
C^gH^^NO^SeW MW = 5 6 0 .0 7 ( 6 6 )
M ic ro a n a ly s is  Found: 34.41 %C 1.91 %H 2 .4 9  %N
C^6HiiN0^SeW R eq u ire s : 34.31 %C 1.98  %H 2 .5 0  %N
A ccurate  mass a t  m^ * 561 Found: No m^ * peak was p re se n t.
C^gH^^NO^SeW R eq u ire s: 560.9310
nmr -  see  Appendix 1
13C nmr -  se e  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
Pentaca rbony 1 (2 -1-bu ty 1 -7-m e thv1in d o l iz  in e -
3-o a rb o se le n a ld e h y d e -S e )tu n a sten (O ) (290b)
Tetraethylammonium p en ta c a rb o n y lio d o tu n g s ta te (O ) (291) ( 1 .2783g, 
2.2mmol) and 2 - t-b u ty l-7 -m e th y lin d o liz in e -3 -c a rb a ld e h y d e  (276b) 
(0 .4306g , 2mmol) w ere d is so lv e d  in  d ic h l o r cme thane (100m l). Phergrl- 
phosphonose leno ic d ic h lo r id e  (258) (1.5m l of approx. 2M in  xylene, 
approx . 3mmol) was added, and th e  s o lu t io n  s t i r r e d  a t  am bient tem per­
a tu r e  fo r  10 m inu tes. D iohlorom e thane (300ml) was added and th e  
s o lu t io n  washed w ith  aqueous sodium hydroxide (250ml of 0.5M) and th e n  
w ith  w a te r  (2 x 400m l). The s o lu t io n  was d r ie d  and ev ap o ra ted  a t  
am bient te m p era tu re . Benzene (50ml) was added, and th e n  ev ap o ra ted .
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The re s id u e  was e x t r a c te d  w i th  a l iq u o t s  of warm benzene (200ml in  
t o t a l ) ,  and th e  e x t r a c t s  chrcm a tographed w ith o u t f u r th e r  e v a p o ra t io n  
on s i l i c a  (25 x 2.6cm) u s in g  benzene a s  e lu a n t .  Blue e lu a te s  w ere 
ev ap o ra ted  a t  am bient te m p e ra tu re , and th e  re s id u e  d is so lv e d  in  
d ic h l or cm e thane (20m l). A f te r  f i l t r a t i o n ,  th e  s o lu t io n  was ra p id ly  
reduced  to  ap p rox im a te ly  5ml in  vo lune on th e  w a te r -b a th . Warm 
n-hexane (50ml) was added and th e  s o lu t io n  reduced in  volume s l i g h t l y  
b e fo re  being allow ed  to  c o o l. The r e s u l t in g  p r e c i p i t a t e  was f i l t e r e d  
and washed once w ith  n-hexane to  a f fo rd  p e n ta c a rb o n y l(2 - t -b u ty l-7 -  
m e th y lin d o liz in e -3 -c a rb o s e le n a ld e h y d e -^ & ) tu n g s te n (0) (290b), b la ck  
s p a rs  w ith  a m e ta l l ic  g reen  sheen  (0.6925g, 57.5% ), decom po sition  from 
approx. 161^C. A second crop  was o b ta in ed  in  a s im i la r  manner, and 
a f fo rd e d  b la c k  sp a rs  w ith  a  m e t a l l i c  g reen  sheen (0 .0466g, 3 .9% ). The 
t o t a l  y ie ld  was th u s  (0 .7391g , 61.4% ).
The r e a c t io n  and su b seq u en t w ork-up w ere c a r r ie d  ou t under 
r e d u c e d - l ig h t  c o n d itio n s .
C^gH^yNOgSeW MW = 602 .15(70)
M ic ro an a ly s is  Found: 38.11 %C 2.84 %H 2 .24  %N 13.25 %Se
C^gH^yNO^SeW R eq u ire s: 37.90 %C 2.84 %H 2 .33  %N 13.11 %Se
A ccura te  mass a t  m^* 603 Found: No m"**’ peak was p re s e n t .  |
IC^gH .^^NO^SeW R eq u ires : 602.9780
1H nmr -  see  Appendix 1 
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
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P en taoarbony l ( 2 - t - b u tv l -  1 -m e th v lin d o llz liie .-
3-o a rb o s e le  naldehy d e -Se ) tu n g s te n (  0) (290o)
Tetraethylamm onium p en tacarb o n y lio d o tu n g s ta teC O ) (291) ( 1 .2783g,
2 .2mmol) and 2 - t-b u ty l-1 -m e th y lin d o liz in e -3 -c a rb a ld e h y d e  ( 2 7 6 g )  
(0 .4306g, 2mmol) were d is s o lv e d  in  d ich lo rom e thane (100m l). Phenyl­
phosphonoseleno ic  d ic h lo r id e  (258) (1.5m l of approx. 2M in  x y lene, 
approx. 3mmol) was added, and th e  s o lu t io n  s t i r r e d  a t  am bient tem per­
a tu r e  fo r  10 m inu tes. D ich lo r  cm ethane (300ml) was added and th e  
s o lu t io n  washed w ith  aqueous sodium hydroxide (250ml of 0.5M) and th e n  
w ith  w a te r  (2 x 400m l). The s o lu t io n  was d rie d  and ev ap o ra ted  a t  
am bient te m p era tu re . Benzene (50ml) was added, and th e n  e v ap o ra ted .
The re s id u e  was e x t r a c te d  w i th  a l iq u o t s  of warm benzene (200ml in  
t o t a l ) ,  and th e  e x t r a c t s  chrcm a tographed w ith o u t f u r th e r  e v a p o ra t io n  
on s i l i c a  (25 x 2.6cm) u s in g  benzene as  e lu a n t .  Blue e lu a te s  w ere 
ev ap o ra ted  a t  am bient te m p e ra tu re , and th e  re s id u e  d is so lv e d  in  
d ich lo rcm e thane (20m l). A f te r  f i l t r a t i o n ,  th e  s o lu t io n  was r a p id ly  
reduced to  app rox im a te ly  5ml in  volume on th e  w a te r -b a th . Warm 
n-hexane (50ml) was added and th e  s o lu t io n  reduced in  volume s l i g h t l y  
b e fo re  being a llow ed  to  co o l. The r e s u l t in g  p r e c i p i t a t e  was f i l t e r e d  
and washed once w i th  n-hexane to  a f fo rd  p e n ta o a rb o n y l( 2 - t -b u ty  1 -1 - 
m e th y lin d o liz in e -3 -c a rb o s e le n a ld e h y d e -S e ) t u n g s te n (0) (2 9 0 c), b la ck  
m icroprism s w ith  a m e ta l l ic  sheen ( 0 .7472g, 62.0% ), decom po sition  f r a n  
approx . 171°C. A second crop  was o b ta in ed  in  a s im i la r  manner, and 
a f fo rd e d  b la ck  m icroprism s w ith  a m e ta l l ic  sheen (0 .0048g, 0 .4% ). The 
t o t a l  y ie ld  was th u s  (0 .7520g, 62.4% ).
The r e a c t io n  and subsequen t w ork-up w ere c a r r ie d  ou t under 
r e d u c e d - l ig h t  c o n d itio n s .
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C,_H,„NO^SeW MW = 602 .15(70) 19 17 5
M icro an a ly s is  Found: 37-93 %C 2 .7 6  %H 2 .2 8  %N
C^gH^^NOgSeW R e q u ire s : 37-90 %C 2 .84  %H 2 .3 3  %N
A ccurate  mass a t  m^’ 603 Found: No m^’ peak was p re se n t.
C^gH^^NO^SeW R e q u ire s : 602.0780
1H nmr -  see  Appendix 1 
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
Pentacarbony1 ( 2 - t-b u ty  1 - 8-m e thy1in d o l iz in e -
3-c a rb o s e le n a ld e h y d e -S e ) tu n g s te n (0) (290d)
Tetraethylammonium p e n ta c a rb o n y lio d o tu n g s ta te (O ) (291) (1 .2783g, 
2.2mmol) and 2 - t-b u ty l-8 -m e th y lin d o liz in e -3 -c a rb a ld e h y d e  (276d) 
(0 .4306g; 2mmol) were d is so lv e d  i n  d ic h lo r  on e th an e  (100m l). Phenyl­
phosphonoselenoic d ic h lo r id e  (258) (1.5m l of approx. 2M in  xy lene, 
approx. 3mmol) was added, and th e  s o lu t io n  s t i r r e d  a t  am bient 
tem p era tu re  f o r  10 m in u tes . D ichlorcm e thane (300ml) was added and th e  
s o lu t io n  washed w ith  aqueous sodium hydroxide (250ml of 0.5M) and th e n  
w ith  w a te r (2 x 400m l). The s o lu t io n  was d r ie d  and ev ap o ra ted  a t  
am bient tem p era tu re . Benzene (50ml) was added, and th e n  ev ap o ra ted .
The re s id u e  was e x t ra c te d  w i th  a l iq u o t s  of warm benzene (200ml in  
t o t a l ) ,  and th e  e x t r a c t s  chrcm a tographed w ith o u t f u r th e r  e v a p o ra tio n  
on s i l i c a  (25 x 2.6cm) u s in g  benzene a s  e lu a n t .  Blue e lu a te s  w ere 
evap o ra ted  a t  am bient te m p e ra tu re , and th e  re s id u e  d is so lv e d  in
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d ic h lo r  on e th an e  (20m l). A f te r  f i l t r a t i o n ,  th e  s o lu t io n  was r a p id ly  
reduced to  ap p rox im a te ly  5ml in  volume on th e  w a te r -b a th . Warm 
n-hexane (50ml) was added and th e  s o lu t io n  reduced i n  vo lu ae  s l i g h t l y  
b e fo re  being allow ed  to  c o o l. The r e s u l t in g  p r e c i p i t a t e  was f i l t e r e d  
and washed once w ith  n-hexane to  a f fo rd  p e n ta c a rb o n y 1 (2 - t-b u ty 1 -8 - 
m e th y lin d o lIz  in e -3 -c a rb o  s e le n a ld e h y d e -S e ) t  ungst e n (0) (290d), b la c k  
m ic ro sp a rs  w ith  a d u ll  m e t a l l i c  g reen  sheen ( 0 .3980g, 33.0% ), 
decom po sition  frcm approx . 171°C. A second crop  was o b ta in e d  i n  a 
s im i la r  manner, and a f fo rd e d  b la c k  m ic ro sp a rs  w ith  a  d u l l  m e ta l l ic  
g reen  sheen (0 .0733g, 6 .1% ). The t o t a l  y ie ld  was th u s  (0 .4713g, 
39.1% ).
The r e a c t io n  and su b seq u en t w ork-up w ere c a r r ie d  ou t under 
re d u c e d - l ig h t  c o n d itio n s .
C^gH^^NOgSeW = 602 .15 (70)
M ic ro an a ly s is  Found: 37-90 %C 2 .77  %H 2 .3 2  %N
C_H_NO_SeW R eq u ires: 37-90 %C 2 .84  %H 2 .3 3  %N1 y 1 / b
A ccurate mass a t  m^' 603 Found: No m’*’* peak was p re se n t.
C^gH .^^NO^SeW R eq u ire s: 602.9780
nnr -  see  Appendix 1
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
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P entacarbo  ny 1 ( 1 - t-b u tv  l-A t-9 -dihvdr.o -7fl-pyrro l o [3 . 
q u in o lin e -2 -o a rb 0 3 e len a ld .eh y d e -S e )tungs.te.n(Q) (290f).
Tetraethylamm onium p en taca rb o n y lio d o b u n g s ta te (O ) (291) ( 1 .2783g, 
2.2mraol) and 1 - t-b u ty l-8 ,9 -d ih y d ro -7 H -p y r’r o lo [ 3 ,2 , 1 -J j .]q u in o lin e -2 -  
ca rba ldehyde  (276f) (0 ,4827g, 2mmol) w ere d is s o lv e d  in  d ic h lo r  cm e th an e  
(100m l). Phenylphosphonoseleno ic d ic h lo r id e  (258) (1.5m l of approx.
2M in  xy lene, approx. 3mmol) was added, and th e  s o lu t io n  s t i r r e d  a t  
am bient te m p era tu re  f o r  10 m in u te s . D ich lo r cm e th an e  (300ml) was added 
and th e  s o lu t io n  washed w ith  aqueous sodium hydrox ide (250ml of 0.5M) 
and th en  w ith  w a te r  (2 x 400m l). The s o lu t io n  was d r ie d  and evapor­
a te d  a t  am bient te m p e ra tu re . Benzene (50ml) was added, and th en  
ev ap o ra ted .
The re s id u e  was e x tra c te d  w i th  a l iq u o t s  of warm benzene (200ml in  
t o t a l ) ,  and th e  e x t r a c t s  chrcm a tographed w ith o u t f u r th e r  e v a p o ra tio n  
on s i l i c a  (25 x 2.6cm) u s in g  benzene as  e lu a n t .  Blue e lu a te s  w ere 
ev ap o ra ted  a t  am bient te m p e ra tu re , and th e  re s id u e  d is so lv e d  in  
d ioh lorom e thane (40m l). A fte r  f i l t r a t i o n ,  th e  s o lu t io n  was ra p id ly  
reduced to  app rox im a te ly  10ml in  volume on th e  w a te r -b a th . Warm 
n-hexane (50ml) was added and th e  s o lu t io n  reduced i n  volume s l i g h t l y  
b e fo re  being allow ed to  co o l. The r e s u l t in g  p r e c i p i t a t e  was f i l t e r e d  
and washed once w ith  n-hexane to  a f fo rd  p e n ta c a rb o n y 1 (1 - t-b u ty  1 -8 ,9 -  
dihy d r  0 - 7 H - P V  r r o l  o [ 3 ,2 ,1  - ü 3  qu i no l in e -2 -c a rb o s e l  en a l dehy d e -Ja )  -  
tungsten (O ) (2 9 0 f) ,  c l u s t e r s  o f b la c k  m ic ro sp a rs  w ith  a m e ta l l ic  g reen  
sheen (0 .7794g , 62.0% ), decom po sition  from approx. 167°C. A second 
c ro p  was o b ta in e d  in  a s im i la r  manner, and a f fo rd e d  c l u s t e r s  of b la c k  
m ic ro sp a rs  w ith  a m e ta l l ic  g reen  sheen (0 .0120g, 1.0% ). The t o t a l  
y ie ld  was th u s  (0 .7 9 l4 g , 63.0% ).
The r e a c t io n  and su b seq u en t w ork-up  w ere c a r r ie d  ou t under
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re d u c e d - l ig h t  c o n d itio n s .
C^iHigNOgSeW MM = 6 2 8 . 1 9 ( 4 8 )
M icro an a ly s is  Found: 40 .02  %C 2.97 %H 2.19 %N 12.70 %Se
C^iHigNO^SeW R eq u ires: 40 .15  %C 3.05 %H 2.23 %N 12.57 %Se
A ccura te  mass a t  m**"‘ 629 Found: No m^* peak was p re se n t.
Cg^H^gNO^SeW R eq u ire s : 628.9936
1H nmr -  see  Appendix 1 
13C nmr -  se e  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
Pentacarbony 1( 1.2 -dim e thv 1 in d o l i z in e -  
3 -ca rb o se len a ld e h v d e -S e ) tu n g s te n (0 )  (290,1.)
Tetraethylamm onium p e n ta c a rb o n y lio d o tu n g s ta te (O ) (291) ( 1 .2783g,
2 .2mmol) and 1,2 -d im e th y lin d o liz in e -3 -c a rb a ld e h y d e  (276 j) ( 0 .3464g,
2mmol) were d is so lv e d  in  d ic h lo r  cm e th an e  (100m l). Phenylphosphono­
se le n o ic  d ic h lo r id e  (258) (1.5m l of approx. 2M in  xy lene, approx. 
3mmol) was added, and th e  s o lu t io n  s t i r r e d  a t  am bient taupe r a tu r e  fo r  
10 m inu tes. D ichl o r cm e th an e  (300ml) was added and th e  s o lu t io n  washed 
w i th  aqueous sodium hydrox ide (250ml of 0.5M) and th e n  w ith  w a te r  (2 x 
400m l). The s o lu t io n  was d r ie d  and evap o ra ted  a t  am bient tem per­
a tu r e .  Benzene (50ml) was added, and th e n  ev ap o ra ted .
The re s id u e  was e x tra c te d  w i th  a l iq u o t s  of warm benzene (200ml in  
t o t a l ) ,  and th e  e x t r a c t s  chrcm a tographed w ith o u t f u r th e r  e v a p o ra tio n
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on s i l i c a  (35 x 2.6cm) u s in g  benzene a s  e lu a n t .  Blue e lu a te s  w ere 
ev ap o ra ted  a t  am bient te m p e ra tu re , and th e  re s id u e  d is so lv e d  in  
d ic h l or cm e thane  (20m l). A f te r  f i l t r a t i o n ,  th e  s o lu t io n  was r a p id ly  
reduced to  app ro x im a te ly  5ml in  volume on th e  w a te r -b a th . Warm 
n-hexane (50ml) was added and th e  s o lu t io n  reduced in  volume s l i g h t l y  
b e fo re  being a llow ed  to  co o l. The r e s u l t in g  p r e c i p i t a t e  was f i l t e r e d  
and washed once w ith  n-hexane to  a f fo rd  p en tacarboqyK  1,2 -d im e th y l-  
in d o liz in e -3 -c a rb o s e le n a ld e h y d e -S e ) tu n g s te n (0) (2 9 0 j) ,  b la ck  n e e d le s  
w ith  a d u ll  brown sheen (0 .5121g , 45.7% ), decom po sition  frcm  approx . 
166°C. A second crop  was o b ta in e d  in  a s im i la r  manner, and a f fo rd e d  
c l u s t e r s  of b lack  m ic ro n e e d le s  w ith  a d u ll  brcwn sheen (0 .l6 6 7 g , 
14.9% ). The t o t a l  y ie ld  was th u s  ( 0 .6788g, 60.6% ).
The r e a c t io n  and su b sequen t w ork-up w ere c a r r ie d  ou t under 
re d u c e d - l ig h t  c o n d itio n s .
C^gH^^NO^SeW W = 5 6 0 .0 7 ( 6 6 )
M io ro an a ly sis  Found; 34.20 %C 1.91 %H 2 .47  %N
NO SeW R eq u ire s ; 34.31 %C 1.98 %H 2 .5 0  %N
A ccurate  mass a t  m^* 561 Found: No m^' peak was p re se n t.
^16^11^°5^®^ R eq u ire s : 560.9310
rmr -  see  Appendix 1
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
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D. A ttem pted S y n th e s is  Of. Mi.s_oelXaneo.us S_eIe-Hooa.r.bQnvl. ..C.Qm.piiunds
N.N -D im e thvlselenoform am ide (293)
P heny lphosphonoseleno ic  d ic h lo r id e  (258) (20ml of approx. 2M in  
benzene, approx . 40mmol) was added to  N ,N -dim ethylforraam ide (294) 
(1 .55m l, 20mmol) in  benzene (50m l), and th e  s o lu t io n  h ea ted  a t  r e f lu x  
fo r  4 h o u rs . The s o lu t io n  was cooled to  am bient te m p era tu re  and 
benzene (250ml) added. The s o lu t io n  was washed w ith  w a te r  (1 x 
250m l), th e n  w ith  aqueous sodium hydroxide (2 x 250ml of 0.5M) and 
f i n a l l y  w ith  w a te r (2 x 250m l). The s o lu t io n  was d r ie d , ev ap o ra ted  a t  
am bient tem p era tu re  and th e  re s id u e  chrcm a tographed on alum ina (25 x 
2.2cm) u s in g  benzene as e lu a n t .  T races of yellow  e lu a te s  w ere 
d isc a rd e d , and th e  e lu a n t g ra d u a l ly  changed to  b e n z e n e /e th e r  (1 7 :3 ) .  
Slower running  yellow  e lu a te s  w ere ev ap o ra ted  a t  am bient te m p e ra tu re , 
and th e  re s id u e  d i s t i l l e d  under reduced p re s s u re  (b lo ck  te m p era tu re  
120°C a t  I.Ombar p r e s s u re ) .  The yellow  d i s t i l l a t e ,  N ,d i m e t h y 1- 
selenoform am ide (293) (0 .2042g , 7 .5% ), was s to re d  under r e f r i g e r ­
a t io n .
The r e a c t io n  and su b seq u en t work-up w ere c a r r ie d  ou t under 
re d u c e d - l ig h t  c o n d itio n s .
C^H^NSe MW = 136.05(50)
M ic ro an a ly s is  Found: 26.58 %C 5 .2 3  %H 10.57 %N
C H^NSe R eq u ires : 26 .48  %C 5 .1 9  %H 10.29 %N
A ccurate mass a t  m^' 137 Found: 136.9747
C^H^NSe R eq u ires: 136.9744
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nmr -  se e  Appendix 1
1 3C nmr see Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
5-P h en v l-3 H -1 .2-d ith iQ le.-3-sel.Q ne (296)
Phenylphosphonoseleno ic d ic h lo r id e  (258) (2ml of approx. 2M in  
x y le n e , approx . 4mmol) was added to  5 -p h e n y l-3 H -1 ,2 -d ith io l-3 -o n e  
(297) ( 0 .3885g, 2mmol) in  benzene (20m l), and th e  s o lu t io n  hea ted  a t  
r e f lu x  f o r  20 m in u tes . The s o lu t io n  was cooled to  am bient te m p era tu re  
and benzene (250ml) added. The s o lu t io n  was washed w ith  w a te r (1 x 
300m l), th e n  w ith  aqueous sodium hydroxide (250ml of 0.5M) and f i n a l l y  
w ith  w a te r (2 x 250m l). The s o lu t io n  was d r ie d , ev ap o ra ted  and th e  
re s id u e  ch ronatographed  on alum ina (30 x 2.2cm) u s in g  60-80 p e t r o l /  
benzene (4 :1 )  a s  e lu a n t .  Y ellow -orange e lu a te s  w ere ev ap o ra ted , and 
a ffo rd e d  5 -p h e n y l-3 S -1 ,2 -d i th io le -3 - s e lo n e  (2 9 6 ), orange-brow n n eed le s  
(0 .0291g , 5.7%) from e th a n o l, m .p t. 131°-132°C. A second crop  
a ffo rd e d  orange-brow n n eed le s  (0 .0097g , 1*9%) from e th a n o l. The t o t a l  
y ie ld  was th u s  ( 0 .0388g. 7*6%).
MW = 257 .23(44)
M io ro an a ly sis
CgHgS^Se
Found: 41 .90 2 .3 8  ÏH
R eq u ires: 42 .02 %C 2 .35  %H
A ccurate  mass a t  m^' 258
CgHsS^Se
Found: 257*9068
R e q u ires: 257*9076
— 1 "*
1H nmr -  see  Appendix 1 
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
The r e a c t io n  was re p e a te d  under th e  c o n d itio n s  g iv en  below .
Phenylphosphonoseleno ic d ic h lo r id e  (258) (2ml of approx , 2M in  
x y len e , approx . 4mmol) was added to  5 -p h e n y l-3 ü -1 i2 -d i th io l - 3 - o n e
(297) (0 .3885g, 2mmol) in  to lu e n e  (20m l), and th e  s o lu t io n  h e a te d  a t
r e f lu x  f o r  20 m in u tes .
An id en tica l work-up afforded 5-phenyl-3Ü ~1 ,2 -d ith io le-3“Selone
( 296) ,  orange-brow n n e e d le s  (0 .0488g , 9.5%) from e th a n o l.  A second 
crop  a ffo rd e d  orange-brow n n e e d le s  (0 .0092g , 1.8%) from e th a n o l.  The 
t o t a l  y ie ld  was th u s  ( 0 .0580g, 11.3% ).
The r e a c t io n  was re p e a te d  once more under th e  c o n d itio n s  g iv e n  
below.
P henylphosphonoselenoic d ic h lo r id e  (258) (2ml of approx . 2M in  
x y len e , approx . 4mmol) was added to  5 -p h e n y l-3 ü -1 ,2 -d ith io l-3 -o n e
(297) ( 0 . 3886g, 2mraol) in  xylene (20m l), and th e  s o lu t io n  h ea ted  a t
r e f lu x  f o r  20 m in u tes .
An id e n t i c a l  work-up a ffo rd e d  5 -p h e n y l-3 ü -1 ,2 -d ith io le -3 - s e lo n e  
( 296) ,  orange-brow n n e e d le s  (0 .0532g , 10.3%) from e th a n o l.  A second 
crop  a ffo rd e d  orange-brow n n e e d le s  (0 .0089g , 1.7%) from e th a n o l.  The 
t o t a l  y ie ld  was th u s  (0 .0621g , 12.1% ),
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2 .6 -D im e th v l-4 H -p v ran -4 -ae lo n e  (299)
Phenylphosphonoseleno ic d ic h lo r id e  (258) (2ml of approx* 2M in  
x y le n e , approx. 4mmol) was added to  2 ,6 -d im e thy1 -4 ji-pyran-4-one (236) 
(0 .2483g , 2mmol) in  benzene (20m l), and th e  s o lu t io n  h ea ted  a t  r e f lu x  
fo r  30 m in u tes . The s o lu t io n  was coo led  to  am bient te m p era tu re  and 
benzene (250ml) added. The s o lu t io n  was washed w ith  w a te r  (1 x 
250m l), th en  w ith  aqueous sodium hydrox ide (250ml o f 0.5M) and f i n a l l y  
w ith  w a te r (2 x 250m l). The s o lu t io n  was d r ie d , ev ap o ra ted  a t  am bient 
tem p era tu re  and th e  re s id u e  chrom a tographed on alum ina (25 x 2.8cm) 
u s in g  60-80 p e tro l/b e n z e n e  (4 ;1 )  a s  e lu a n t .  I n i t i a l  t r a c e s  o f yellow  
e lu a te s  were d isc a rd e d ; su b seq u en t g reen  e lu a te s  w ere ev ap o ra ted  and 
a ffo rd e d  2 ,6 -d im e th y l-4 jH -p y ran -4 -se lo n e  (299 ), red  m icroprism s 
(0 .0049g , 1.3%) from being  d is s o lv e d  in  th e  minimum volume of d i -  
chlorom e thane a t  am bient te m p e ra tu re  and p r e c ip i ta te d  w ith  n-hexane .
The r e a c t io n  and su b seq u en t w ork-up w ere c a r r ie d  o u t under 
re d u c e d - l ig h t  c o n d it io n s .
C^ ^HgOSe MW = 187.09(96)
Mass s p e c tr a l  d a ta  -  see  Appendix 3
The r e a c t io n  was re p e a te d  under th e  c o n d itio n s  g iv e n  below.
P henylphosphonoselenoic d ic h lo r id e  (258) (2ml of approx . 2M in  
xy len e , approx. 4mmol) was added to  2 ,6 -d im e thy l-4H -py ran-4 -one  (236) 
(0 .2483g, 2mmol) in  to lu e n e  (20m l), and th e  s o lu t io n  h ea ted  a t  r e f lu x  
f o r  30 m in u tes . The s o lu t io n  was coo led  to  am bient te m p era tu re  and 
benzene (250ml) added. The s o lu t io n  was washed w ith  w a te r  (1 x
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250m l), th en  w ith  aqueous sodium hydrox ide (250ml of 0.5M) and f i n a l l y  
w ith  w a te r  (2 x 250m l). The s o lu t io n  was d r ie d , ev ap o ra ted  a t  am bient 
te m p era tu re  and th e  re s id u e  chrcm a tographed on s i l i c a  (30 x 2.8cm) 
u s in g  benzene a s  e lu a n t .  T races o f yellow  e lu a te s  w ere ev ap o ra ted , 
bu t a ffo rd e d  no d is c e rn a b le  p ro d u c t. The e lu a n t was g ra d u a lly  changed 
u n t i l  b e n z e n e /e th e r  (4 :1 ) was be ing  used, bu t no f u r th e r  p rod u c t was 
o b ta in e d .
The r e a c t io n  and su b seq u en t w ork-up w ere c a r r ie d  ou t under 
re d u c e d - l ig h t  c o n d itio n s .
4 (1H )-D vrid inese lone  (300)
Phenylphosphonoseleno ic d ic h lo r id e  (258) (2ml of approx . 2M in  
benzene, approx. 4mmol) was added to  a s o lu t io n  o f 4 -h y d ro x y p y rid in e  
(301) (0 .1902g, 2mmol) in  a c e t o n i t r i l e  (20m l), and th e  s o lu t io n  h ea ted  
a t  r e f lu x  f o r  15 m in u tes . The s o lu t io n  was cooled to  am bient tem per­
a tu re  and benzene (250ml) added. The s o lu t io n  was washed w ith  w a te r  
(300m l), then  w ith  aqueous sodium hydroxide (250ml of 0.5M) and 
f i n a l l y  w ith  w a te r  (2 x 250m l). The s o lu t io n  was d r ie d  and e v ap o ra ted  
a t  am bient te m p era tu re , bu t a f fo rd e d  no d is c e r n a b le .p ro d u c t.
The r e a c t io n  and subseq u en t w ork-up w ere c a r r ie d  o u t under 
re d u c e d - l ig h t  c o n d itio n s .
The r e a c t io n  was re p e a te d  under th e  c o n d itio n s  g iv en  below.
P henylphosphonoselenoic d ic h lo r id e  (258) (2ml o f approx . 2M in  
benzene, approx. 4mmol) was added to  a  s o lu t io n  o f 4 -h y d ro x y p y rid in e  
(301) (0 .1902g, 2mmol) in  a c e t o n i t r i l e  (20m l), and th e  s o lu t io n
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s t i r r e d  a t  am bient te m p e ra tu re  f o r  2 h o u rs . Benzene (250ml) was added 
and th e  s o lu t io n  washed w ith  w a te r  (300m l), th en  w ith  aqueous sodium 
hydroxide (250ml of 0.5M) and f i n a l l y  w ith  w a te r  (2 x 250m l). The 
s o lu t io n  was d r ie d  and ev ap o ra ted  a t  am bient te m p e ra tu re . A lthough a 
s l i g h t  t r a c e  of m a te r ia l  was ob serv ed , im m ediate d e p o s i t io n  of 
selen ium  o ccu rred  and so no p ro d u c t was i s o la t e d .
The r e a c t io n s  and subseq u en t w ork-up w ere c a r r ie d  o u t under 
re d u c e d - l ig h t  c o n d it io n s .
1-M e th v le v r ro lid in e -2 - s e lo ne (303)
Phenylphosphonoseleno ic d ic h lo r id e  (258) (5ml of approx . 2M in
x y len e , approx. lOmmol) was added to  a s o lu t io n  o f 1 -m e th y lp y rro lid in -
2-one (304) (0 .48m l, 5mmol) in  benzene (25m l), and th e  s o lu t io n  h ea ted  
a t  r e f lu x  f o r  2 h o u rs . Benzene (300ml) was added and th e  s o lu t io n  
washed w ith  w a te r  (400m l), th e n  w ith  aqueous sodium hydroxide (2 x 
600ml o f 0.5M) and f i n a l l y  w ith  w a te r  (2 x 400m l). The s o lu t io n  was 
d r ie d  and p a r t i a l l y  ev ap o ra ted  a t  am bient te m p era tu re  u n t i l  some 20ml 
o f s o lu t io n  rem ained. This was th e n  chrcm a tographed d i r e c t ly  on 
alum ina (10 x 2.5cm) u s in g  benzene a s  e lu a n t .  P a le  yellow  e lu a te s  
w ere evap o ra ted  a t  am bient te m p e ra tu re , bu t r a p id  d e p o s i t io n  o f 
selen ium  occu rred  and no c h a r a c te r i s a b le  p roduct cou ld  be o b ta in e d .
The r e a c t io n  and su b seq u en t work-up w ere c a r r ie d  ou t under 
r e d u c e d - l ig h t  c o n d it io n s .
The r e a c t io n  was re p e a te d  under th e  c o n d itio n s  g iv en  below.
Phenylphosphonoseleno ic d ic h lo r id e  (258) (5ml of approx . 2M in
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x y le n e , approx , lOmmol) was added to  a s o lu t io n  o f 1 -m etfay lp y rro lid in -
2-one (304) (0 .48m l, Smmol) in  benzene (25m l), and th e  s o lu t io n  h ea ted  
a t  r e f lu x  f o r  2 h ours . Benzene (300ml) was added and th e  s o lu t io n  
washed w ith  w a te r  (400m l), th e n  w ith  aqueous sodium hydroxide (2 x 
600ml of 0.5M) and f i n a l l y  w ith  w a te r  (2 x 400m l). The s o lu t io n  was 
d r ie d  and p a r t i a l l y  ev ap o ra ted  a t  am bient te m p era tu re  u n t i l  some 20ml 
o f s o lu t io n  rem ained. This was th e n  chrcm a tographed d i r e c t ly  on 
s i l i c a  (20 x 2.6cm) u s in g  benzene as  e lu a n t .  Yellow e lu a te s  w ere 
ev ap o ra ted  a t  am bient te m p e ra tu re , b u t ra p id  d e p o s i t io n  o f selenium  
o ccu rred  and no c h a r a c te r i s a b le  p ro d u c t could  be o b ta in e d .
The r e a c t io n s  and su b seq u en t w ork-up w ere c a r r ie d  o u t under 
r e d u c e d - l ig h t  c o n d itio n s .
H exahvdro-2H -azepine-2-selone_ (305)
Phenylphosphonoseleno ic d ic h lo r id e  (258) (5ml o f approx . 2M in  
x y len e , approx . lOmmol) was added to  a s o lu t io n  o f hexahydro-2g- 
a ze p in -2 -o n e  (306) ( 0 .5658g, Smmol) in  benzene (50m l), and th e  
s o lu t io n  hea ted  a t  r e f lu x  f o r  1 h o u r. The s o lu t io n  was cooled to  
am bient tem p era tu re  and d ioh lo rom e thane  (250ml) added. The s o lu t io n  
was washed w ith  w a te r (500m l), th e n  w ith  aqueous sodium hydroxide 
(500ml of 0.5M) and f i n a l l y  w ith  w a te r  (2 x 500m l). The s o lu t io n  was 
d r ie d  and ev ap o ra ted  a t  am bient te m p e ra tu re .
The re s id u e  was chrom a tographed on alum ina (10 x 2.6cm) u s in g  
benzene as  e lu a n t .  Yellow e lu a te s  w ere evap o ra ted  a t  am bient tem per­
a tu r e ,  bu t ra p id  d e p o s i t io n  o f selen ium  o ccu rred  and no c h a r a c te r ­
i s a b l e  p roduct could be o b ta in e d .
The r e a c t io n  and su b se q u e n t w ork-up  w ere  c a r r ie d  o u t under
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re d u c e d - l ig h t  c o n d itio n s .
2 .4 .6 -C v c lo h e p ta t r ie n e -1 - s e lo n e  (3.07}
Phenylphosphonoseleno ic d ic h lo r id e  (258) (5ml o f approx . 2M in  
x y len e , approx. lOmmol) was added to  a s o lu t io n  o f 2 ,4 ,6 -c y c lo h e p ta -  
t r ie n -1 -o n e  (308) (0 .48m l, Smmol) in  benzene (25m l), and th e  s o lu t io n  
s t i r r e d  a t  am bient te m p era tu re  f o r  one h o u r. A p r e c i p i t a t e  of w h ite
n e e d le s  form ed, which was enhanced by th e  a d d i t io n  of e th e r  (200m l).
The p r e c i p i t a t e  was f i l t e r e d  and washed w ith  e th e r ,  bu t th e  f i l t r a t e  
r a p id ly  d e p o s ite d  selenium  and proved to  be ex trem ely  h y g ro sco p ic . No 
c h a ra c te r i s a b le  p roduct was th e r e f o r e  o b ta in e d .
The r e a c t io n  was re p e a te d  under th e  c o n d itio n s  g iv en  below.
Phenylphosphonoseleno ic d ic h lo r id e  (258) (5ml o f approx . 2M in  
x y lene, approx . lOmmol) was added to  a s o lu t io n  of 2 ,4 ,6 -c y c lo h e p ta -  
t r ie n -1 -o n e  (308) (0 .48m l, Smmol) in  benzene (25m l), and th e  s o lu t io n  
s t i r r e d  a t  am bient te m p era tu re  f o r  one h o u r. A p r e c i p i t a t e  of w h ite
n e e d le s  form ed, which was f i l t e r e d  and washed w ith  benzene, but th e
f i l t r a t e  ra p id ly  d e p o s ite d  selenium  and proved to  be ex trem ely  
h y g ro sco p ic . No c h a r a c te r i s a b le  p ro d u c t was th e re f o r e  o b ta in e d .
The r e a c t io n s  and subseq u en t w ork-ups w ere c a r r ie d  ou t under 
re d u c e d - l ig h t  c o n d itio n s , and under an i n e r t  atm osphere of n itro g e n  in  
a dry -box .
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E. A ttem pted S y n th e s is  Of M isce llan eo u s
P e n ta o a rb o n y l(se lo n e -Se ) tu n g s te n (O ) Complexes
Pentacarbony 1( 2.6 -dim e thy 1-4H- py ran-4  -  s e l  on e-Se ) tu n g s t.en ( 0) (3 09)
P henylphosphonoselenoic d ic h lo r id e  (258) (1,5m l of approx. 2M in  
xy len e , approx . 3mmol) was added to  a m ix tu re  of 2 ,6 -d im e th y l-4 jg - 
pyran-4-one, (236) (0 .2483g, 2mmol) and te traethylam m onium  p en ta - 
o a rb o n y lio d o tu n g s ta te (O ) (291) (1 .2783g, 2.2mmol) i n  dichlorcm ie thane 
(100m l), and th e  s o lu t io n  h e a te d  a t  r e f lu x  f o r  15 m in u tes . The 
s o lu t io n  was cooled to  am bient te m p era tu re  and benzene (1000ml) 
added. The s o lu t io n  was washed w ith  w a te r  (1 x 400m l), th e n  w ith  
aqueous sodium hydroxide (400ml of 0.5M) and f i n a l l y  w ith  w a te r  (2 x 
400m l). The s o lu t io n  was d r ie d , ev ap o ra ted  a t  am bient te m p era tu re  and 
th e  re s id u e  chrcm a tographed on alum ina (30 x 2.8cm) u s in g  benzene a s
e lu a n t .  C la re t e lu a te s  w ere ev ap o ra ted  and a ffo rd e d  re d  m ic ro p r ia n s  j
!(0 .0053g, 0.5%) from being  d is s o lv e d  in  th e  minimum volume of d i -  i
chiorom e thane a t  am bient te m p e ra tu re  and p r e c ip i t a te d  w ith  n-hexane. |
Î
Mass s p e c tr a l  d a ta  in d ic a te d  t h a t  both th e  compounds 2 ,6 - d i -  j
m e th y l-4 Il-p y ra n -4 -se lo n e  (299) and 2 ,2 ', 6 ,6  * - te t r a m e th y l-4 ,4 * -b i-  I
p y ra ry lid e n e  (310) w ere p re s e n t ,  bu t t h a t  no p en taoarbony l ( 2 ,6 - d i -  I
m e thvl-4H -pvra n -4 -se lo n e -S e )  tu n g sten (O ) (309) was p re s e n t. j
The r e a c t io n  and subseq u en t work-up w ere c a r r ie d  ou t under I
re d u c e d - l ig h t  c o n d itio n s . !
!
C^HgOSe MW = 187 . 09 ( 96)
^ 4 ^ 1 6 ^ 2  ^  =  2 1 6 .2 7 9 ( 2 )
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Mass s p e c tr a l  d a ta  -  se e  Appendix 3
P e n ta o a rb o n v l(2 .4 .6 -G v c lo fa e p ta tr ie n e -1 -se lo n e -3 e )tung3ten(Q ) (312)
Tetraethylamm onium p e n ta c a rb o n y lio d o tu n g s ta te (O ) (291) (1 .2783g,
2 .2mmol) was d is so lv e d  in  d ich lo rcm e th an e  (100m l). 2 ,4 ,6 -C y o lo h ep ta -
t r i e n - l - o n e  (308) (0 .193m l, 2mmol) was added under an atm osphere of 
a rgon , and th e  s o lu t io n  s t i r r e d  to  en su re  hcm ogeniety. Phenyl­
phosphonoseleno ic d ic h lo r id e  (258) (1.5m l of approx. 2M in  x y lene, 
approx . Smmol) was added, and th e  s o lu t io n  s t i r r e d  a t  am bient 
te m p era tu re  f o r  one hour. D iohlorom e thane (300ml) was added and th e  
s o lu t io n  washed w ith  aqueous sodium hydroxide (250ml of 0.5M) and th e n  
w ith  w a te r  (2 x 400ml) .  The s o lu t io n  was d r ie d  and ev ap o ra ted  a t  
am bient te m p era tu re . Benzene (50ml) was added, and th e n  ev ap o ra ted .
The re s id u e  was e x t ra c te d  w i th  a l iq u o t s  o f warm benzene (100ml in  
t o t a l ) ,  and th e  e x t r a c t s  chrcm a tographed w ith o u t f u r th e r  e v a p o ra t io n  
on s i l i c a  (25 x 2.6cm) u s in g  benzene as  e lu a n t.  Blue e lu a te s  w ere 
ev ap o ra ted  a t  am bient ta n p e ra tu r e ,  and th e  re s id u e  d is so lv e d  in  
d ioh lorom e thane (10m l). A f te r  f i l t r a t i o n ,  th e  s o lu t io n  was r a p id ly  
reduced to  app rox im a te ly  3ml in  volume on th e  w a te r -b a th . Warm 
n-hexane (50ml) was added and th e  s o lu t io n  allow ed to  co o l. The 
r e s u l t in g  p r e c i p i t a t e  was f i l t e r e d  and washed once w ith  n-hexane to  
a f fo rd  pen tacarbony1 ( 2 ,4 ,6 - c y c lo h e p ta t r ie n e - 1 -s e lo n e -S e)tu n g s te n (0) 
(3 1 2 ) , bronze p la te s  (0 .0379g , 3 .8% ), decom po sition  from approx.
145^0. A second cro p  was o b ta in e d  in  a s im i la r  manner, and a f fo rd e d  
bronze m ic ro n eed les  (0 .0051g, 0 .5% ). The t o t a l  y ie ld  was th u s  
(0 .0430g, 4.4% ).
The r e a c t io n  and su b se q u en t w ork-up  w ere c a r r ie d  o u t under
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re d u c e d - l ig h t  c o n d itio n s .
C,^H,CLSeW MW = 492 .98(64) 12 0 b
M ic ro an a ly s is  Found: 28.15 %C 1.15 %H
C,.HfO_SeW R eq u ires: 29.24 %C 1.23 %H12 0 5
A ccurate mass a t  m"^ ’ 494 Found: No m"*** peak was p re se n t,
C,_H.O_SeW R eq u ires: 493-888812 0 b
nmr -  see  Appendix 1
1 3C nmr -  see  Appendix 2
Mass s p e c t r a l  d a ta  -  see  Appendix 3
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F. R eac tion  Of In d o liz in e - l -o a rb a ld e h y d e s  (276)
With The Reagent Formed..By_The. .ReaQt.i.Q.ri 
Of Ph e ny Id i ch i o r o ph o sph in e  _( 25-91 
With Tétraméthylammonium Seleno.oyanate. C2621
R eac tion  W ith 2_._7-D im e thylindolizine~^-carbaldehyde (276a)
D ieh lo ro p h ery lp h o sp h in e  (259) (0.825m l, 6.25mmol) was added to  a 
s o lu t io n  of tétram éthylam m onium  se len o c y an a te  (262) (2 .3290g, 13mmol) 
in  a c e t o n i t r i l e  (75m l), and th e  s o lu t io n  s t i r r e d  a t  am bient tem per­
a tu re  fo r  15 m inu tes. A s o lu t io n  of 2 ,7 -d im e th y lin d o l iz in e -3 -o a rb -  
aldehyde (276a) (0 .8 6 6 1g, 5mmol) in  a c e t o n i t r i l e  (25ml) was added, and 
th e  s o lu t io n  s t i r r e d  a t  am bient te m p e ra tu re  fo r  10 m inu tes.
D ieh lo r cm e thane (800ml) was added and th e  s o lu t io n  washed w ith  
aqueous sodium hydroxide (400ml of 0.5M). The aqueous la y e r  was 
f u r th e r  e x t r a c te d  w ith  d ic h io r  an e th an e  (2 x 200m l), and th e  combined 
d ich lo rcm e thane e x t r a c t s  washed w i th  w a te r  (600m l). The s o lu t io n  was 
d r ie d  and ev ap o ra ted , and benzene (50ml) added to  th e  re s id u e . T his 
was th e n  ev ap o ra ted , and th e  re s id u e  e x t r a c te d  w i th  a l iq u o t s  of 
benzene (200ml in  t o t a l ) .
A fte r  f i l t r a t i o n ,  th e  f i l t r a t e  was chrom a tographed w ith o u t j
f u r th e r  e v a p o ra tio n  on a lu n in a  (35 x 2.6cm) u s in g  benzene as  e lu a n t .  |
I n i t i a l  t r a c e s  of yellow  eL ua tes  w ere d isc a rd e d , and th e  e lu a n t
changed to  b e n z e n e /e th e r  ( 9 :1 ) .  Green e lu a te s  w ere evap o ra ted  and j
!th e n  d is so lv e d  in  d ich lo rcm e thane (10m l). A fte r  f i l t r a t i o n ,  th e  |
s o lu t io n  was r a p id ly  reduced to  approx im a te ly  3ml in  volume on th e  I
iw a te r -b a th , and warm n-hexane (50ml) added. The s o lu t io n  was allow ed  ;
to  c r y s t a l l i s e ,  and th e  p r e c i p i t a t e  washed once w ith  n-hexane to  
a f fo rd  2 ,7 -d im e th y lin d o liz in e -3 -e a rb o 8 e le n a ld e h y d e  (285a), g reen
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n e e d le s  (0 .l8 l0 g ,  15.3% ). A second crop  a ffo rd e d  g reen  n eed le s  
(0 .0 5 l4 g , 4.4%) from n-hexane. The t o t a l  y ie ld  was th u s  (0 .2324g, 
19.7%).
The product was i d e n t i f i e d  by com parison w ith  an a u th e n tic  
sam ple, u s in g  nmr d a ta  a n d m .p t .  and mixed m .p t. d e te rm in a tio n s .
The re s id u e  frcm th e  benzene e x t r a c t io n  and subsequen t f i l t r a t i o n  
was d is so lv e d  i n  b o il in g  d i ch i o r an e thane (60Chnl). The s o lu t io n  was 
cooled to  am bient te m p e ra tu re  and ch rona tog raphed  w ith o u t  f u r th e r  
e v a p o ra tio n  on s i l i c a  (30 x 4.5 cm) u s in g  d i chi o r on e thane as e lu a n t .  
I n i t i a l  t r a c e s  of yellow  e lu a te s  w ere d isc a rd e d , and th e  e lu a n t 
changed to  d ic h lo ro m e th a n e /a c e to n i tr i le  (9 :1 ) .  W ine-red e lu a t e s  w ere 
p a r t i a l l y  ev ap o ra ted , and f i l t e r e d  to  a f fo rd  3 - (2 ,7 -d im e th y lin d o l-  
iz in -3 -y l) -2 ,5 -d ih y d ro -2 - s e le n o fo rm y l-1 ,2 ,4 - s e le n a d ia z o le -5 - s e lo n e  
(31 5 a), b lack  m ic ro p ria n s  (O.G321g, 1.4%), ra .p t. 121°-125°C. F u r th e r  
p a r t i a l  ev a p o ra tio n  of th e  s o lu t io n  a ffo rd e d  a second crop , b la ck  
m icroprism s (0 .0417s, 1.9% ). A c e to n i t r i l e  (200ml) was added and th e  
s o lu t io n  p a r t i a l l y  ev ap o ra ted , bu t no more p roduct was a f fo rd e d . The 
t o t a l  y ie ld  was th u s  (0 .0738g, 3.3% ).
The r e a c t io n  and subsequen t w ork-up w ere c a r r ie d  ou t under 
re d u c e d - l ig h t  c o n d itio n s , but c o n s id e ra b le  decom po sition  of dark  blue 
m a te r ia l  o ccu rred  d u rin g  th e  above p rocedure.
M ic ro an a ly s is  Found: 35.29 %C 2 .5 4  %H 9 .17  %N
C^gH^^NgSe^ R e q u ir e s :  3 5 .0 0  %C 2 .4 8  %H 9 .4 2  %N
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A ccu ra te  m ass a t  m^' 449 Found: No m^‘ peak w as p r e s e n t .
C^gH^^NgSe^ R e q u ir e s :  448.8449
1H nmr -  see  Appendix 1 
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
R eac tion  W ith 2 - t-B u ty  1 -7 -m e th y lin d o liz in e -3 - c a r b a ldehvde_ (276h i
D ich lo ro p h ery lp h o sp h in e  (259) (0.825m l, 6.25mmol) was added to  a 
s o lu t io n  of tétraméthylam monium se len o c y an a te  (262) (2 .3290g, 13mmol) 
in  a c e t o n i t r i l e  (75m l), and th e  s o lu t io n  s t i r r e d  a t  am bient tem per­
a tu r e  fo r  15 m inu tes. A s o lu t io n  of 2 - t - b u ty l-7 -m e th y l in d o l iz in e -3 -  
carba ldehyde (276b) ( 1 .0765g, 5mmol) in  a c e t o n i t r i l e  (25ml) was added, 
and th e  s o lu t io n  s t i r r e d  a t  am bient tem p era tu re  fo r  10 m in u tes .
D ichlorcm e thane (800ml) was added and th e  s o lu t io n  washed w i th  
aqueous sodium hydroxide (400ml of 0.5M). The aqueous la y e r  was 
f u r th e r  e x t ra c te d  w ith  d ich lo rcm e th an e  (2 x 200ml), and th e  combined 
d ich lo rcm e thane e x t r a c t s  w ashed w i th  w a te r  (600m l). The s o lu t io n  was 
d r ie d  and e v ap o ra ted , and benzene (50ml) added to  th e  re s id u e . T his 
was th e n  ev ap o ra ted , and th e  re s id u e  e x t ra c te d  w ith  a l iq u o t s  of 
benzene (200ml in  t o t a l ) .
A fte r  f i l t r a t i o n ,  th e  f i l t r a t e  was chrom a tographed w ith o u t 
f u r th e r  ev a p o ra tio n  on alum ina (35 x 2.6cm) u s in g  benzene as e lu a n t .  
I n i t i a l  yellow  e lu a te s  w ere d is c a rd e d , and th e  e lu a n t changed to  
b e n z e n e /e th e r ( 9 :1 ) .  Green e lu a te s  w ere evap o ra ted  and th e n  d is s o lv e d  
i n  d ich lo rcm e thane (10m l). A f te r  f i l t r a t i o n ,  th e  s o lu t io n  was r a p id ly  
reduced to  ap p rox im a te ly  3ml in  volume on th e  w a te r -b a th , and warm
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n-hexane (50ml) added. The s o lu t io n  was allow ed to  c r y s t a l l i s e ,  and 
th e  p r e c ip i t a te  washed once w i th  n-hexane to  a f fo rd  2 - t - b u ty l - 7 -  
m e th y lin d o liz in e -3 -c a rb o s e le n a ld e h y de (285b), p u rp le  p la te s  (0 .4683g , 
33.7% ). A second crop  a f fo rd e d  p u rp le  m ic ro c ry s ta ls  (0 .0390g, 2.8%) 
from n-hexane. The t o t a l  y ie ld  was th u s  (0 .5073g, 36.5% ).
The product was i d e n t i f i e d  by com parison w ith  an a u th e n tic  
sam ple, u s in g  nmr d a ta  and m .p t. and mixed m .p t. d e te rm in a tio n s .
The re s id u e  frcm th e  benzene e x t r a c t io n  and subsequen t f i l t r a t i o n  
was d is so lv e d  in  b o il in g  d ich lo rcm e th an e  (600m l). The s o lu t io n  was 
coo led  to  am bient te m p era tu re  and chrom a tographed w i th o u t f u r th e r  
e v a p o ra t io n  on s i l i c a  (30 x 4.5cm) u s in g  d ich lo rcm e thane a s  e lu a n t .  
I n i t i a l  yellow  e lu a te s  w ere d is c a rd e d , and th e  e lu a n t changed to  
dicîl o r cm e th an e /a ce  t o n i t r i l e  ( 9 :1 ) .  P u rp le  e lu a te s  w ere p a r t i a l l y  
ev ap o ra ted , and f i l t e r e d  to  a f fo rd  3 - ( 2 - t - b u ty l - 7 - m e th y l in d o l iz in - 3 -  
y l) -2 ,5 -d ih y d ro -2 - s e le n o fo rm y l-1 ,2 ,4 - s e le n a d ia z o le -5 - s e lo n e  (3 1 5 b ), 
very dark  p u rp le , a lm o st b la c k , m ic ro sp a rs  w ith  a d u l l  g reen  sheen 
(0 .5485g, 22.5% ), m .p t. 169°-172°C. F u rth e r  p a r t i a l  e v a p o ra tio n  of 
th e  s o lu t io n  a ffo rd e d  a second crop , very  dark  p u rp le , a lm ost b la ck , 
m ic ro sp a rs  w ith  a d u ll  g reen  ^ e e n  (0.0404g, 1.7%). A c e to n i t r i l e  
(200ml) was added and th e  s o lu t io n  p a r t i a l l y  ev ap o ra ted , but no more 
p roduct was a f fo rd e d . The t o t a l  y ie ld  was th u s  ( 0 .5889g, 24.1% ).
The r e a c t io n  and su b sequen t w ork-up w ere c a r r ie d  ou t under 
re d u c e d - l ig h t  c o n d itio n s .
C^gH^^N^Se^ MW = 488 .21 (04 )
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M ic r o a n a ly s is  Found: 39..55 %C 3 .4 8  %H 8 .4 5  %N 4 8 .4 5  %Se
R eq u ires: 39.36 %C 3.51 %H 8.61 %N 48 .52  %Se
A ccurate  mass a t  m^* 491 Found: No m^" peak was p re se n t.
NgSeg R eq u ires : 490.8918
1H nmr -  see  Appendix 1 
13C nmr -  see  Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
R eac tion  With 2 - t-B u ty 1-1-m e th v lin d o liz  in e -3 -c a rb a ld e h y  de (27 6c)
D ieh lo ropheny lpho sph ine (259) (0 .825m l, 6.25mmol) was added to  a 
s o lu t io n  of tétraméthylam monium se len o cy an a te  (262) (2 .3290g, 13mmol) 
in  a c e t o n i t r i l e  (75m l), and th e  s o lu t io n  s t i r r e d  a t  am bient tem per­
a tu r e  fo r  15 m inu tes. A s o lu t io n  of 2 - t - b u ty 1-1 -m e th y lin d o liz  in e -3 -  
ca rb a ld eh y de (276c) ( 1 .0765g, 5mmol) in  a c e t o n i t r i l e  (25ml) was added, 
and th e  s o lu t io n  s t i r r e d  a t  am bient tem p era tu re  f o r  10 m in u tes .
D ichlorcm e thane (800ml) was added and th e  s o lu t io n  washed w ith  
aqueous sodium hydroxide (400ml of 0.5M). The aqueous la y e r  was 
f u r th e r  e x t ra c te d  w ith  d ich lo rcm e thane (2 x 200m l), and th e  combined 
d ich lo rcm e thane e x t r a c t s  washed w ith  w a te r  (600m l). The s o lu t io n  was 
d r ie d  and ev ap o ra ted , and benzene (50ml) added to  th e  r e s id u e . T his 
was th e n  ev ap o ra ted , and th e  re s id u e  e x t ra c te d  w ith  a l iq u o t s  of 
benzene (200ml in  t o t a l ) .
A fte r  f i l t r a t i o n ,  th e  f i l t r a t e  was chrom a tographed w ith o u t  
f u r th e r  e v a p o ra tio n  on alum ina (35 x 2.6cm) u s in g  benzene as  e lu a n t .  
I n i t i a l  t r a c e s  of yellow  e lu a te s  w ere d isc a rd e d , and th e  e lu a n t
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changed to  b e n z e n e /e th e r  ( 9 :1 ) .  Green e lu a te s  w ere ev ap o ra ted  and 
th e n  d is so lv e d  in  d ich lo rcm e th an e  (10m l). A fte r  f i l t r a t i o n ,  th e  
s o lu t io n  was r a p id ly  reduced to  app rox im a te ly  3ml in  volume on th e  
w a te r -b a th , and warm n-hexane (50ml) added. The s o lu t io n  was allow ed  
to  c r y s t a l l i s e ,  and th e  p r e c i p i t a t e  washed once w ith  n-hexane to  
a f fo rd  2 - t-b u ty  1-1-m e th y lin d o liz  in e -3 -o a rb o  se len a ld eh y  de (2 8 5 c), g reen  
n e e d le s  (0 .4455g, 32.0% ). A second crop  a ffo rd e d  g reen  n e e d le s  
(0 .0 l8 0 g , 1.3%) frcm n -hexane . The t o t a l  y ie ld  was th u s  (0 .4635g, 
33.3% ).
The product was i d e n t i f i e d  by com parison w ith  an a u th e n tic  
1sam ple, u s in g  H nmr d a ta  and m .p t. and mixed m .p t. d e te rm in a tio n s .
The re s id u e  frcm th e  benzene e x t r a c t io n  and subsequen t f i l t r a t i o n  
was d isso lv e d  in  b o i l in g  d i ch i o r  an ethane (600m l). The s o lu t io n  was 
coo led  to  am bient te m p e ra tu re  and chrcm atograi±ied w i th o u t f u r th e r  
ev a p o ra t io n  on s i l i c a  (30 x 4.5cm) u s in g  d ich lo rcm e thane a s  e lu a n t.  
I n i t i a l  yellow  e lu a te s  w ere ev ap o ra ted  to  a f fo rd  a t r a c e  of a g reen  
product which ra p id ly  decomposed, d e p o s it in g  se len ium . The e lu a n t was 
th e n  changed to  d ic h io r  cm e th a n e /a ce t o n i t r i l e  ( 9 :1 ) .  P u rp le  e lu a te s  
w ere p a r t i a l l y  e v ap o ra ted , and f i l t e r e d  to  a f fo rd  3 - ( 2 - t - b u ty 1 -1 - 
m e th y lin d o li z i n - 3 - y l ) - 2 , 5 -d ih y d ro -2 - s e le n o fo rm y l-1 ,2 ,4 -s e le n a d ia z o le -  
5-s e lo n e  (315o), b la ck  m ic ro sp a rs  (0 .2908g, 11.9%), m .p t. 179°-181°C. 
F u rth e r  p a r t i a l  e v a p o ra tio n  of th e  s o lu t io n  a ffo rd e d  a second crop , 
b la c k  m ic ro sp a rs  (0 .3600g, 14.8% ). A c e to n i t r i l e  (200ml) was added and 
th e  s o lu t io n  p a r t i a l l y  e v ap o ra ted , but no more p roduct was a f fo rd e d . 
The t o t a l  y ie ld  was th u s  (0 .6508g , 26.7% ).
The r e a c t io n  and su b seq u en t w ork-up  w ere c a r r ie d  o u t under
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r e d u c e d - l ig h t  c o n d itio n s .
MW = 488 .21(04)
M ic ro an a ly s is  Found: 38.73 %C 3 .3 2  %H 8 .5 8  %N
C,cH._NgSe_ R eq u ire s: 39.36 %C 3.51 %H 8 .61  %N10 If j  j
A ccurate  mass a t  m^' 491 Found: No m^' peak was p re se n t.
^16^17^3^®3 R eq u ire s : 490.8918
1H rmr -  see  Appendix 1 
13C nmr -  see Appendix 2 
Mass s p e c tr a l  d a ta  -  see Appendix 3
R eac tion  W ith 2 - t-B u ty l-8 -m _ e th y .lin d o liz in e -3 -o a rb a ld eh v d e  (276d)
D ieh loropheny lpho sph ine (259) (0.825m l, 6.25mmol) was added to  a 
s o lu t io n  of tétraméthylam monium se len o c y an a te  (262) (2 .3290g , 13mmol) 
in  a c e t o n i t r i l e  (75m l), and th e  s o lu t io n  s t i r r e d  a t  am bient tem per­
a tu r e  fo r  15 m inu tes. A s o lu t io n  of 2 - t-b u ty 1 -8 -m e th y lin d o liz in e -3 -  
carba ldehyde  (276d) ( 1 .0765g, 5mmol) in  a c e t o n i t r i l e  (25m l) was added, 
and th e  s o lu t io n  s t i r r e d  a t  am bient ta n p e r a tu r e  fo r  10 m inu tes.
D ichlorcm e thane (800ml) was added and th e  s o lu t io n  washed w ith  
aqueous sodium hydroxide (400ml of 0.5M ). The aqueous la y e r  was 
f u r th e r  e x t ra c te d  w ith  d ich lo rcm e th an e  (2 x 200ml), and th e  combined 
d ich lo rcm e thane e x t r a c t s  washed w ith  w a te r  (6 00ml) .  The s o lu t io n  was 
d r ie d  and ev ap o ra ted , and benzene (50ml) added to  th e  re s id u e . T h is 
was th e n  ev ap o ra ted , and th e  re s id u e  e x t ra c te d  w ith  a l iq u o t s  of
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benzene (200ml in  t o t a l ) .
A f te r  f i l t r a t i o n ,  th e  f i l t r a t e  was ohrcm a tographed w ith o u t 
f u r th e r  ev a p o ra tio n  on alum ina (35 x 2.6cm) u s in g  benzene a s  e lu a n t.  
I n i t i a l  t r a c e s  of yellow  e lu a te s  w ere d isc a rd e d , and th e  e lu a n t 
changed to  b e n z e n e /e th e r  ( 9 :1 ) .  Green e lu a te s  w ere ev ap o ra ted  and 
th e n  d is so lv e d  i n  d ich lo rcm e th an e  (10m l). A f te r  f i l t r a t i o n ,  th e  
s o lu t io n  was ra p id ly  reduced to  ap p rox im a te ly  3ml in  volume on th e  
w a te r -b a th , and warm n-hexane (50ml) added. The s o lu t io n  was allow ed  
to  c r y s t a l l i s e ,  and th e  p r e c i p i t a t e  washed once w ith  n-hexane to  
a f fo rd  2 - t-b u ty 1 -8 -m e th y lin d o liz  in e -3 -c a rb o  se le n a ld e h y de (285d), o l iv e  
g reen  m ic ro sp a rs  ( 0 .3358g, 24 .1% ). A second crop  a f fo rd e d  o l iv e  g reen  
m ic ro sp a rs  (0 .0504g, 3.6%) from n-hexane . The t o t a l  y ie ld  was th u s
( 0 .3862g, 27.8% ).
The p roduct was i d e n t i f i e d  by com parison w ith  an a u th e n tic  
sam ple, u s in g  rmr d a ta  and m .p t. and mixed m .p t. d e te rm in a tio n s .
The re s id u e  frcm th e  benzene e x t r a c t io n  and subsequen t f i l t r a t i o n  
was d is so lv e d  in  b o il in g  d ich lo rcm e th an e  (600m l). The s o lu t io n  was 
coo led  to  am bient te m p e ra tu re  and chrom a tographed w ith o u t f u r th e r  
e v a p o ra t io n  on s i l i c a  (30 x 4.5cm) u s in g  d ich lo rcm e thane a s  e lu a n t .  
I n i t i a l  yellow  e lu a te s  w ere d is c a rd e d , and th e  e lu a n t changed to  
d ic h l or cm e th a n e /a  ce t o n i t r i l e  ( 9 :1 ) .  P u rp le  e lu a te s  w ere p a r t i a l l y  
ev ap o ra ted , and f i l t e r e d  to  a f fo rd  3 - ( 2 - t-b u ty 1 -8 -m e th y l in d o liz in -3 -  
y l ) - 2 ,5 -d ih y d ro -2 -s e le n o fo rm y l-1 , 2 ,4 -s e le n a d ia z o le -5 - s e lo n e  (3 1 5 d ), 
g reen  s p a rs  (0 .0303g, 1.2% ), m .p t. 170°-173°C. F u r th e r  p a r t i a l  
e v a p o ra tio n  of th e  s o lu t io n  a f fo rd e d  a second crop , g reen  m ic ro p ria n s  
(0 .1 3 8 lg , 5.7% ). A c e to n i t r i l e  (200ml) was added and th e  s o lu t io n
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p a r t i a l l y  evap o ra ted  to  a f fo rd  g reen  m ic ro p ria n s  (0 .4755g , 19.5%). 
F u r th e r  p a r t i a l  e v a p o ra tio n  a f fo rd e d  no more p ro d u c t. The t o t a l  y ie ld  
was th u s  (0 .6439g, 26.4% ).
The r e a c t io n  and su b seq u en t w ork-up w ere c a r r ie d  ou t under 
re d u c e d - l ig h t  c o n d itio n s .
^ 16^ 17^3383 MW = 488 .21(04)
M ic ro a n a ly s is  Found; 38.90 %C 3 .37  %H 8 .59  %N
C^^H^yNgSe^ R eq u ire s : 39.36 %C 3.51 %H 8.61 %N
A ccurate mass a t  m"^ * 491 Found: No m"^ ' peak was p re se n t.
C^^H^yNgSe^ R eq u ire s : 490.8918
1H nmr -  see  Appendix 1 
13C nmr -  see Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
R eac tio n  With  1 - 1- Bu ty  1- 8 .9 -  d i hv dr o-7 H- pv r  r  ol o [3.2.. _1 -  i  .11 -  
a u i n o lin e -2 -c a rb a ld e h y  de (27 6 f )
D ich lo ropheny lpho sph ine (259) (0.825m l, 6.25mmol) was added to  a 
s o lu t io n  of tétraméthylam monium se len o c y an a te  (262 ) (2 . 3290g, 13mniol) 
in  a c e t o n i t r i l e  (75m l), and th e  s o lu t io n  s t i r r e d  a t  am bient tem per­
a tu re  fo r  15 m inu tes. A s o lu t io n  of 1- t - b u t y 1 -8 ,9 -d ih y d ro -7 H -p y rro lo -  
[ 3 , 2 , 1- i i ] q u i n o l i n e - 2 -c a rb a ld e h y de (276f )  (1 .2067g, 5mmol) in  a c e to ­
n i t r i l e  (50ml) was added, and th e  s o lu t io n  s t i r r e d  a t  am bient tem per­
a tu r e  fo r  10 m inu tes.
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D ichl or an e thane (800ml) was added and th e  s o lu t io n  washed w ith  
aqueous sodium hydroxide (400ml of 0.5M ). The aqueous la y e r  was 
f u r th e r  e x t ra c te d  w ith  d ic h l o r an e th an e  (2 x 200ml), and th e  combined 
d ic h l or an ethane e x t r a c t s  washed w i th  w a te r  ( 6 00ml ) .  The s o lu t io n  was 
d r ie d  and ev ap o ra ted , and benzene (50ml) added to  th e  r e s id u e . T h is 
was th e n  ev ap o ra ted , and th e  re s id u e  e x t r a c te d  w ith  a l iq u o t s  of 
benzene (200ml in  t o t a l ) .
A fte r  f i l t r a t i o n ,  th e  f i l t r a t e  was chrom a tographed w ith o u t 
f u r th e r  e v a p o ra tio n  on alum ina (35 x 2.6cm) u s in g  benzene a s  e lu a n t .  
I n i t i a l  t r a c e s  of yellow  e lu a te s  w ere d isc a rd e d , and th e  e lu a n t 
changed to  b e n z e n e /e th e r  ( 9 :1 ) .  Green e lu a te s  w ere ev ap o ra ted  and 
th e n  d isso lv e d  i n  d ic h lo ro n e th a n e  (10m l). A fte r  f i l t r a t i o n ,  th e  
s o lu t io n  was ra p id ly  reduced to  app rox im a te ly  3ml in  volume on th e  
w a te r -b a th , and warm n-hexane (50ml) added. The s o lu t io n  was a llow ed  
to  c r y s t a l l i s e ,  and th e  p r e c i p i t a t e  washed once w ith  n-hexane to  
a f fo rd  1- t - b u t y 1 - 8 ,9 -d ih y d ro -T H -p y rro lo [3 ,2 ,1 - i j 1q u in o lin e -2 -c a rb o -  
se le n a ld e h y de (2 8 5 f) ,  g reen  m ic ro n eed le s  ( 0 .5558g, 36.5% ). A second 
cro p  a ffo rd e d  g reen  m ic ro n eed le s  ( 0 .1 120g,?.4%) f r a a  n -hexane. The 
t o t a l  y ie ld  was th u s  ( 0 .6678g, 4 3 .9 ) .
The p roduct was i d e n t i f i e d  by com parison w ith  an a u th e n tic  
1sam ple, u s in g  H nmr d a ta  and m .p t. and mixed m .p t. d e te rm in a tio n s .
The re s id u e  from th e  benzene e x t r a c t io n  and subsequen t f i l t r a t i o n  
was d iis o lv e d  in  b o i l in g  d ich lo rcm e th an e  (600m l). The s o lu t io n  was 
coo led  to  am bient ta n p e ra tu r e  and chrom a tographed w ith o u t f u r th e r  
e v a p o ra t io n  on s i l i c a  (20 x 4.5cm) u s in g  d ic h lo r  an e thane a s  e lu a n t .  
I n i t i a l  t r a c e s  of yellow  e lu a te s  w ere d isc a rd e d , and th e  e lu a n t
206 -
changed to  d ic h io r a n e th a n e /a c e to n i t r i l e  ( 9 :1 ) .  P u rp le  e lu a te s  w ere 
p a r t i a l l y  ev ap o ra ted , and f i l t e r e d  to  a f fo rd  3 - ( 1 - t - b u ty 1 - 8 ,9 -d ih y d ro -  
7E- p y rro l o C 3 ,2 ,1  - i . i l  qu i no l in - 2 - y l  ) -2 ,5  -d ih y  dr o -2 - s e l enof ormy 1 -1 ,2 ,4 -  
s e le n a d ia z o le -5 -s e lo n e  (3 1 5 f) ,  dark  g reen  m ic ro p ria n s  (0 .2635g ,
10.3%), m .p t. 172°-174°C. F u r th e r  p a r t i a l  e v a p o ra tio n  of th e  s o lu t io n  
a f fo rd e d  a second c rop , dark  g reen  m ic ro p ria n s  (0 .2291g, 8 .9% ). 
A c e to n i t r i l e  (200ml) was added and th e  s o lu t io n  p a r t i a l l y  ev ap o ra ted , 
bu t no more p roduct was a f fo rd e d . The t o t a l  y ie ld  was th u s  (0 .4926g, 
19.2%).
The r e a c t io n  and subsequen t w ork-up w ere c a r r ie d  out under 
r e d u c e d - l ig h t  c o n d itio n s .
C^gH^gNgSeg MW = 514 .24(82)
M ic ro a n a ly s is  Found; 41.69 %C 3 .59  %H 8 .1 0  %N
C^gH^gN.Seg R eq u ires : 42.04 %C 3 .7 2  %H 8 .17  %N
A ccurate mass a t  m^‘ 517 Found: No m^* peak was p re se n t.
C^gH^gNgSe^ R eq u ires: 516.9075
1H nmr -  see Appendix 1 
13C nmr -  see Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
R eac tio n  With 1.2 -D im e th y lin d o liz in e -3 -c a rb a ld e h v d e  (2 7 6 i )
D ich lo ropheny lpho sph ine (259) (0 .825m l, 6.25mmol) was added to  a 
s o lu t io n  of tétraméthylam monium se len o c y an a te  (262) (2 .3290g , 13mmol)
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in  a c e t o n i t r i l e  (75m l), and th e  s o lu t io n  s t i r r e d  a t  am bient tem per­
a tu r e  fo r  15 m inu tes. A s o lu t io n  of 1 ,2 -d im e th y lin d o liz in e -3 -o a rb -  
a ld eh y de (276j )  (0 ,8 6 6 1g, 5mmol) in  a c e t o n i t r i l e  (25ml) was added, and 
th e  s o lu t io n  s t i r r e d  a t  am bient te m p era tu re  fo r  10 m inu tes.
D ichlorcm e thane (800ml) was added and th e  s o lu t io n  washed w ith  
aqueous sodium i:y dr oxide (400ml of 0.5M ). The aqueous la y e r  was 
f u r th e r  e x t ra c te d  w ith  d ich lo rcm e th an e  (2 x 200m l), and th e  combined 
d ich lo rcm e thane e x t r a c t s  washed w i th  w a te r  (600m l). The s o lu t io n  was 
d r ie d  and ev ap o ra ted , and benzene (50ml) added to  th e  r e s id u e . T his 
was th e n  ev ap o ra ted , and th e  re s id u e  e x t r a c te d  w ith  a l iq u o t s  of 
benzene (200ml in  t o t a l ) .
A fte r  f i l t r a t i o n ,  th e  f i l t r a t e  was chrom a tographed w ith o u t  
f u r th e r  ev a p o ra tio n  on alum ina (35 x 2.6cm) u s in g  benzene as  e lu a n t .
I n i t i a l  t r a c e s  of yellow  e lu a t e s  w ere d isc a rd e d , and th e  e lu a n t 
changed to  b e n z e n e /e th e r ( 9 :1 ) .  Green e lu a te s  w ere ev ap o ra ted  and
f
th e n  d is so lv e d  in  d ich lo rcm e th an e  (10m l). A fte r  f i l t r a t i o n ,  th e  |
1
s o lu t io n  was ra p id ly  reduced to  approx im a te ly  3ml in  volume on th e  !
w a te r -b a th , and warm n-hexane (50ml) added. The s o lu t io n  was a llow ed
4to  c r y s t a l l i s e ,  and th e  p r e c i p i t a t e  washed once w ith  n-hexane to  ;
!a f fo rd  1,2 -d im e th y lin d o l iz in e -3-c a rb o s e le n a ld e h y de (285j ) ,  brcwn j
n e e d le s  (0 .4660g, 39.5% ). A second  crop  a ffo rd e d  brown n e e d le s  11
(0 .0469g; 4.0%) frcm n -hexane. The t o t a l  y ie ld  was th u s  (0 .5129g , j
43.4% ). !
The product was i d e n t i f i e d  by com parison w ith  an a u th e n tic  j
1 Îsam ple, u s in g  H nmr d a ta  and m .p t. and mixed m .p t. d e te rm in a tio n s . i
t
The r e s id u e  frcm  th e  b en zen e e x t r a c t io n  and su b seq u en t f i l t r a t i o n  |
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was d is so lv e d  in  b o i l in g  d ic h lo r  an e thane (800m l). The s o lu t io n  was 
coo led  to  am bient te m p e ra tu re  and chrona tog raphed  w ith o u t f u r th e r  
ev a p o ra t io n  on s i l i c a  (25 x 4.5cm) u s in g  d ich lo rcm e thane a s  e lu a n t .  
I n i t i a l  t r a c e s  of yellow  e lu a t e s  w ere d isc a rd e d , and th e  e lu a n t 
changed to  d ic h lo ro m e th a n e /a c e to n i tr i le  ( 9 :1 ) .  P u rp le  e lu a te s  w ere 
p a r t i a l l y  ev ap o ra ted , and f i l t e r e d  to  a f fo rd  3 - (1 ,2 -d im e th y lin d o l-  
iz in -3 -y l) -2 ,5 -d ih y d ro -2 - s e le n o fo rm y l-1 ,2 ,4 -s e le n a d ia z o le -5 - s e lo n e  
(3 1 5 j) ,  b lack  m ic ro sp a rs  w ith  a  m e ta l l ic  l u s t r e  ( 0 .3746g, 16.8% ), 
m .p t. 186°-189°C. F u r th e r  p a r t i a l  e v a p o ra tio n  of th e  s o lu t io n  
a f fo rd e d  a second crop , b la ck  m ic ro sp a rs  (0 .l6 6 6 g , 7 .5% ). A ceto­
n i t r i l e  (200ml) was added and th e  s o lu t io n  p a r t i a l l y  ev ap o ra ted  to  
a f fo rd  b la ck  m ic ro sp a rs  (0 .0572g , 2 .6% ). F u rth e r  p a r t i a l  e v a p o ra tio n  
a f fo rd e d  no more p ro d u c t. The t o t a l  y ie ld  was th u s  (0 .5984g, 26 .8% ).
The r e a c t io n  and su b seq u en t work-up w ere c a r r ie d  ou t under 
re d u c e d - l ig h t  c o n d itio n s .
^13^11^3^®3 ^  = 446 .13(00)
M ic ro an a ly s is  Found: 34.27 %C 2.38 %H 9.17 %N 52.50  %Se^^°
^13^11^3‘^ ®3 R eq u ire s : 35 .00  %C 2.48 %H 9.42 %N 53 .10  %Se
A ccura te  mass a t  m"*"* 449 Found: No m'*'* peak was p re se n t.
C^gH^^NgSe^ R eq u ire s : 448.8449
rmr -  see  Appendix 1
13C nmr -  see Appendix 2 
Mass s p e c tr a l  d a ta  -  see  Appendix 3
APPENDIX 1
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H ,„Nmr . ,P.a.t.a
Chemical s h i f t  d a ta  a re  g iv e n  as 6 v a lu es  in  ppm dow nfield from 
th e  te t r a m e th y ls i la n e  s ig n a l .  U n less  o th erw ise  s ta t e d ,  s p e c t r a  w ere 
o b ta in ed  u sing  a B ruker WP80 sp e c tro m e te r , sam ples w ere d is so lv e d  in  
d e u te ra te d  tr ic h lo ro m e th a n e  and s o lu t io n  s tre n g th s  were 0 .4  M. 
Coupling c o n s ta n ts  a re  g iv e n  in  Hz where o b ta in ed . A ssignm ents r e f e r  
to  th e  diagram s a ) , b ) , . . . . ,m ).
(296) 
( 2 9 8 )
(297)
Se
Me
Me
,4a
83
CH—C— Bu
Br“
b)
d)
f)
W(CO)^
( 3 1 2 )
43 73
C H ^C— Bu
Br"
(277e)
O
•Bu'
Br
(2 7 7 g )
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3a
g ) h)
9a
Bu^
R^ R^ R R» r2
(280d) H t-Bu H H H Me (280f) H
(276a) H Me CHO H Me H (276f) CHO
(276b) H t -Bu CHO H Me H (285f) CHSe
( 2 7 6 g ) Me t —Bu CHO H H H (290f) CHSe-
(276d) H t-Bu CHO H. H Me W(CO)c
(276h) H Me CHO H H H
(2761) H t -Bu CHO H H H
(276j) Me Me CHO H H H
(276k) H Me CHO Me H H
(2761) H Me CHO H H Me
(287c) Me t-Bu CHS H H H
(287J) Me Me CHS H H H(285a) H Me CHSe H Me H
(285b) H t -Bu CHSe H Me H
(285o) Me t-Bu CHSe H H H
(285d) H t-Bu CHSe H H Me
(285j) Me Me ŒSe H H H
(290a) H Me CHSe-W(CO) H Me H
(290b) H t -Bu CHSe-W(CO)^ H Me H
( 2 9 0 g ) Me t-Bu CHSe-W(CO)^ H H H
(290d) H t-Bu CHSe-W(CO)^ H H Me
(290J) Me Me CHSe-W(CO)b^ H H H
'ioa
R^ r2 H*»
(280g) H (282a) Ph H
(276g) CHO (282b) t -Bu H
(285g) CHSe (2820) Ph Me
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k)
5a2a
7a
/C H Se
m)
(282d)
1917
193I6 a 1 9  b
1 6
1 5> 1 4 13
CHSe
R r2 «7 R
(315a) H Me Me H
(315b) H t-Bu Me H
(315c) Me t-Bu H H
(315d) H t-Bu H Me
(315j) Me Me H H
(315f)
M isce l laneous  Compounds
Compound (262)^ 
S igna l  
1.52 s
1 S p l i t t i n g Pro ton
N-Me4
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Compound (262)^ 
S igna l  
3.14 s
1 S p l i t t i n g Pro ton
N-Me4
2 S p l i t t i n g  
t  (v)
Compound (293)^
Signal
10.63
3.35
3.32
1 S p l i t t i n g Pro ton
CHSe
?-Me
?-Me
2^ S p l i t t i n g
d J  = 0 .73
d J  = 0.49
Compound (2 9 6 )^ ’^
S igna l
7.77 -  7.43 m
7.42 s
1 S p l i t t i n g  
(v)
Pro ton
5-Ph
H4
Compound (298)
S igna l
7.73 -  7.39 ra
7.42 s
1 S p l i t t i n g  
(v)
P ro ton
5-Ph
H4
Compound (297) 
S igna l
7 .6 7  -  7 .4 3  m
6 . 8 3  s
1 S p l i t t i n g  
(v)
Pro ton
5-P h
H4
Compound ( 3 1 2 ) b 'B ' ° ' 9
213 -
S igna l
8,46 qn
8.44 -  8.42  m 
7.26 -  7.16 m
r  S p l i t t i n g
(v)
(v)(v)
P ro ton
H2/7
H2/7
H3+4+5+6
Pyridini_uiii_ B r m l d e  S a l t  s  (277 )
Compound (277d)° ' P
S igna l 1° S p l i t t i n g Pro ton 2°
8.96 d J ( 6 , 5 )  = 6.35 H6 (u)
8.52 d J ( 4 , 5 )  = 8 .30 ' H4 (u)
7.97 dd J ( 5 , 4 )  = 7.81J ( 5 , 6 )  = 6 .35 H5 -
6.31 8 - 1-CHg -
2.54 8 - 2Me+3Me -
1.29 8 t -Bu -
S p l i t t i n g
(v)
(v)
Compound (277@)^*^
S igna l
9.43
8.28
7.80
6.71
3.37
3.32
2.36
1.35
1 S p l i t t i n g
d
d
t
3
t
t
qn
s
J ( 2 , 3 )
J ( 4 , 3 )
(v)
J ( 5 / 7 , 6 )
J ( 5 / 7 , 6 )
(v)
5.86
8.54
8.54
8.50
Proton
H2
H4
H3
l-CHg
H5/7
H5/7H6
t -Bu
Compound (277e)^*^
Signa l 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
8.84 d J ( 2 , 3 )  = 6 .10 H2 (u) (v)
8.53 d J ( 4 , 3 )  = 7.81 H4 (u) (v)8.00 t (v) H3 (u) (v)6.20 8 - 1-CHg -
3.19 t J (5 + 7 ,6 )  = "7 .8 H5+7 -
2.20 qn (v) H6 -
1.28 3 - t —Bu turn
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Compound (277?)*'%
Signa l 1° S p l i t t i n g Pro ton 2°
9.56 d J ( 2 , 3 )  = 6 .10 H2 (u)
8.20 d J ( 4 , 3 )  = 8.06 H4 -
7.80 t (v) H3 (u)
6.71 s - l-CHg -3 .14 b r (u) H5+8 —
2.07 b r (u) H6+7 -
1.37 8 t —Bu
Compound (277f)®' P
S ignal 1° S p l i t t i n g Pro ton 2°
9.01 d J ( 2 , 3 )  = 7 .3 2 H2 (u)
8.46 d J ( 4 , 3 )  = 7.57 H4 (u)
8.00 t (v) H3 (u)
6.26 8 - 1 —CH 2 -
3.01 br (u) H5+8
1.97 br (u) H6+7 —
1.29 8 t-Bu
Compound (277g)^* q
Signal 1° S p l i t t i n g Pro ton 2°
9.53 d j ( 2 , 3 )  = 6 .10 H2 (u)
8.22 d J ( 4 , 3 )  = 8.30 H4 (u)
7.76 dd (v) H3 -
6.86 s - l-CHg -
3.17 b r (u) H5+10 -
1.92 br (u) H6+7+8 —
1.37 8 t -Bu
Compound (277g)^’ P
Signa l 1° S p l i t t i n g Pro ton 2°
8.96 d J ( 2 , 3 )  = 6 .10 H2 d
8.50 d J ( 4 , 3 )  = 7.81 H4 (u)
7.94 dd J ( 3 , 4 )  = 7 .57
J ( 3 , 2 )  = 6.35 H3 -
6.41 s - l-CHg —
3.22 br (u) H5+10 -
1.90 br (u) H6+T+8
1.29 3 - t —Bu -
( v )
(v)
S p l i t t i n g
(v)
(v)
(v)
S p l i t t i n g
(v)
(v)
S p l i t t i n g
( v )
( v )
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in d Q liz in s s  (2.8.Q.)..
Compound (280d)G' q
S igna l 1° S p l i t t i n g P ro ton 2° S p l i t t i n g
7.68 d J ( 5 / 7 , 6 )  = 5.61 H5/7 d (v)
7.11 br (u) H5/7 -
5.37 s - H1+3 -
6.32 dd J ( 6 , 5 / 7 )  = 10.99
J ( 6 , 5 / 7 )  = 6.59 H6 -
2.36 s - 8-Me d J  = 0 .73
1.35 s t-Bu
Compound ( 280f ) ^' q
Signa l 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
7 . 5 8 d J ( 4 / 6 , 5 )  = 5 .86 H4/6 d ( v)
7.01 br (u) H4/6 -
6.26 t J (5 ,4+6)  = 6.35 H5 —
6.18 s - H2 -
2.99 t (v) H7/9 -2.78 t ( V ) H7/9 —
2.02 qn (v) H8 -
1.36 s t-Bu
Compound (280g)^’q
S igna l 1° S p l i t t i n g Pro ton 2 ° S p l i t t i n g
7 . 58 d J ( 4 / 6 , 5 )  = 5.61 H4/6 d J = 2.44
7.05 br (u) H4/6 -
6 . 2 3 s H2 -
6.18 dd J ( 5 , 4 / 6 )  = 10.01
J ( 5 , 4 / 6 )  = 6.59 H5 -
3.10 t (v) H5/10 (u) (v)
2.89 t (v) H5/10 (u) (v)
1.94 t J ( 8 + 9 , 7 / 1 0 ) = 3 . 1 7 H8+9 -1.38 s - t -Bu -
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Indol iz  i n e - 3 - c a r b a l  dehy.de S .  (2161
Compound (276b)®
S ig n a l 1^ S p l i t t i n g Pro ton
10.17 s - CHO
9.81 d J ( 5 , 6 )  = 7 .32 H5
7.22 br (u) H8
6 .7 0 d J ( 6 , 5 )  = 7 .32 H6
6.26 8 - HI
2.36 S - 7-Me
1.50 8 t -Bu
Compound
S igna l
( 2 7 6 g ) ®
1° S p l i t t i n g Pro ton
10.34 3 _ , CHO
10.02 d J( 5,6 ) = 6 . 8 4 H5
7.46 d J ( 8 , 7 )  = 9 .28 H8
7.16 dd J ( 7 , 6 )  = 6.59
6.81 dd
J ( 7 , 8 )  = 8.79  
J (6 ,5+ 7)  = 6.83
H7H6
2.43 s - 1-Me
1.61 8 t -Bu
Compound
Signa l
(276d)®
1° S p l i t t i n g Pro ton
10.25 8 CHO
9.80 d J ( 5 , 6 )  = 6 .59 H5
6.97 d J ( 7 , 6 )  = 6 .84 H7
6.77 t J ( 6 , 5 / 7 )  = 6.84
6.37 8
J ( 6 , 5 / 7 )  = 7 .08 H6HI
2.46 5 - 8-Me
1.52 8 - t -Bu
2 S p l i t t i n g
t  J  = 0 .98  
d ( v)
2 S p l i t t i n g
J  = 1.22
(v)
1.22  
1.71
2 S p l i t t i n g
t  J  = 0 .73  
t  ( v)
d J  = 0 .73
d J  = 0 .73
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Compound (276f) 
S igna l
h
1 0 . 2 8
9.68
6.80
6.73
3.07
2.85
2 . 0 0
1.58
s
d
br
br
t
t
qn
s
1 S p l i t t i n g
J ( 4 , 5 )  = 5.86 
(u)
(u)
( V )
( v)
( V )
Pro ton
CHO
H4
H5/6
H5/6
H7/9
H7/9H8
t-Bu
2 S p l i t t i n g  
d ( v)
Compound (276g)^
Signa l 1° S p l i t t i n g Pro ton
10.30 s _ CHO
9.90 d J ( 4 , 5 )  = 6.59 H4
6.80 d (v) H6
6.63 dd J ( 5 , 4 )  = 6.59J ( 5 , 6 )  = 6.84 H5
3.17 t (v) H7/10
2.99 t (v) H7/102.00 m ( v) H8+9
1.58 s t-Bu
1.6a -D i th ia -6 - i s e l e n a o e n t a l e nes (282)
Compound (282a)
S ig n a l 1° S p l i t t i n g Pro ton
10.04 d J ( 5 , 4 )  = 6.84 H5
8.29 s - H3
8.05 d (v) H4
7.93 -  7.81 m (v) 2-Ph
7.49 -  7.40 m (v) 2-Ph
Compound (282b)
S igna l 1° s p l i t t i n g Pro ton
10.23 d J ( 5 , 4 )  = 6.84 H5
8.16 d J ( 4 , 5 )  = 6 .84 H4
7.91 s - H3
1.44 s — t-Bu
2 S p l i t t i n g
d J  = 1.71 
(u) (v)
Compound (282o)^ 
S igna l 1 S p l i t t i n g
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Pro ton 2 S p l i t t i n g
9.43 s - H5 q t J  = 0.98
8.20 s - H3 -
7.94  -  7.82 m (v) 2-Ph -
7 .49  -  7 .38 m (v) 2-Ph -
2.60 s 4-Me d J  = 0.98
Compound (282d)^’ ^ 
S igna l  1° S p l i t t i n g Pro ton 2° S p l i t t i n g
9.73 s H6 (u) (v)
8.80 a - (H2+6)f mm
8.78 a - H2 (u) (v)
2 .98 t (v) H3+5 (u) (v)
2.00 qn (v) H4 (u) (v)
I n d o l i z  i n e -3 -o a rb o  se lena ldehy  de s (285)
Compound ( 2 8 5 a ) ^ ' ^ ' ^
Signal
12.09
11.80
7.27
6 . 92
6 . 36
2.33
1 S p l i t t i n g
J ( 5 , 6 )
J ( 6 , 5 )
6.84
7 . 08
Pro ton
CHSe
H5
H8
H6
HI
2Me+7Me
2 S p l i t t i n g
J  = 1.71 
J  = 0 .98
Compound (285b)®'^*^
S igna l
12.44
12.06
7.31
6.94
6 .42
2.33
1.49
1 , S p l i t t i n g
J ( 5 , 6 )
J ( 6 , 5 )
6.84
7 .08
P ro ton
CHSe
H5
H8
H6
HI
7-Me
t -Bu
2 S p l i t t i n g
(u) (v)
d J  = 1 .4 6 ,1 .9 5
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Compound (285c)®’q , 3
S igna l 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
12.67 s CHSe MW
12.36 d J ( 5 ,6) = 6.83 H5 d J = 0.98
7.86 t ( v) H7 (u) (v)
7.56 d J ( 8 , 7 )  = 8.30 H8 (u) (v)
7.11 t J (6 ,5+7)  = 6.84 H6 d J -  1.46
2.37 s - 1-Me M.1.61 s t-Bu
Compound (285d)®' q
S igna l 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
12.78 8 CHSe
12.01 d J ( 5 , 6 )  = 6.84 H5 -
7.61 d J ( 7 , 6 )  = 7.32 H7 t (v)
7.01 t J ( 6 , 5 )  = 6.84
J ( 6 , 7 )  = 7.32 H6 -6.52 8 - HI -
2.59 3 - 8-Me —
1.52 8 t -Bu
Compound (285f)^ ,q
S igna l 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
12.51 8 CHSe _
12.00 d J ( 4 , 5 )  = 6 .84 H4 d J = 0.98
7.54 d J ( 6 , 5 )  = 7 .32 H6 d J  = 0 .98
6.99 t J ( 5 , 4 )  = 6.84J ( 5 , 6 )  = 7 .32 H5 -
3.01 t J ( 7 / 9 , 8 )  = 6.35 H7/9 —
2.97 t (v) H7/9 —2.00 qn (v) H8 -
1.57 8 - t-Bu —
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Compound (2 8 5 g ) i ' q
S igna l 1° S p l i t t i n g Pro ton
12.54 s CHSe
12.26 d J ( 4 , 5 )  = 6 .84 H4
7.53 d J( 6 ,5 )  = 6 ,84 H6
6.99 t (v) H5
3.22 -  3 .14 br (u) H7+10
2.13 -  1 .98 br (u) H8+9
1.60 8 t-Bu
Compound (285g)^ ' n , o ,q
Signa l 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
12.50 8 - CHSe —
12.27 d J ( 4 , 5 )  = 6.65 H4 -
7.57 d J ( 6 , 5 )  = 7.07 H6 d J  z 0.86
7.03 t J (5 ,4+6)  = 6 .99 H5 -
3.17 -  3 .12 m (v) H7+10 -2.06 -  1 .98 m (v) H8+9 -
1.61 8 t-Bu
Compound (2 8 5 j )G '9 '8
Signal 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
12.16 8 CHSe _
11.99 d J ( 5 , 6 )  = 6.84 H5 d J  z 0 .98
7.85 t J (7 ,6+8)  = 7.81 H7 (u) J  z 0.98
7.48 d J ( 8 , 7 )  = 8.30 H8 (u) (v)
7.09 t J(6 ,5+7)  = 6.83 H6 d J  z 1.46
2.29 8 - 1Me/2Me
2.17 8 - 1Me/2Me
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PentaGarbQnylIiiidQlizine-3~c.arbQS.elÆnaldehy.d.e-~Se l^  
tunesten(Q) Complexes (2_9Ûl
Compound (290a )^ '^
S igna l
1 0 .8 2
10.70
7.39 7.08 
6.52
2.40 
2.35
s
d
br
d
br
s
5
1 S p l i t t i n g
J ( 5 , 6 )  = 
(u)
J ( 6 , 5 )  = 
(u)
7 .32
7 .32
Pro ton
CHSe
H5
H8
H6
H1
2Me/7Me
2Me/7Me
2 S p l i t t i n g
d ( v)
d J  = 0.98
Compound (290a)®'
S igna l
10.70
1 0 . 68
7.41 
7.14 
6.56
2.41 
2.36
1 S p l i t t i n g  Pro ton
d J ( 5 , 6 ) =  6 .35  H5
s -  CHSe
br (u)  H8
d J ( 6 , 5 )  = 6 .84  H6
br (u)  H1
s -  2Me/7Me
3 -  2Me/7Me
2 S p l i t t i n g
d ( v)
d J  = 0.98
Compound (290a) ®’ ^
0Signa l
10.71
10.67
7.43
7.16
6,58
2.42
2 . 38
1 S p l i t t i n g  
J( 5 ,6 )  = 6.84
J ( 6 , 5 )  = 6.95
Pro ton
H5
CHSe
H8
H6
H1
2Me/7Me
2Me/7Me
2 S p l i t t i n g
3J(w-h) = 4 .22 
t  J  = 0 .84
d J  = 1.78
J = 1.04
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Compound (290b)S
Signa l
11.06 s
10.87 d7.44 br
7.16 d
6.61 s
2.42 8
1.50 8
1 S p l i t t i n g
J ( 5 , 6 )
J ( 6 ,5 )
6 .84
6.84
Pro ton
CHSe
H5
H8
H6
HI
7-Me
t -Bu
2 S p l i t t i n g
(v)
Compound (290b)®
S igna l 1 S p l i t t i n g Pro ton 2" S p l i t t i n g
11.04 8 CHSe 3J(w-h) =
10.88 d J ( 5 , 6 )  = 6.76 H5 •mm
7.45 8 - H8 t J  = 0.92
7.18 d J ( 6 , 5 )  = 6.73 H6 d J = 1.89
6.61 8 HI —
2.43 8 - 7-Me -
1.51 8 t -Bu -
Compound (290c)®'
S ignal 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
11,25 8 CHSe
11.12 d J ( 5 , 6 )  = 6.84 H5 t ( v)
8.02 dd ( v) H7 d ( v)
7.70 d J ( 8 , 7 )  = 8.79 H8 t (v)
7.34 t J( 6,5 ) = 6.84 H6 d J = 1.46
2.39 8 - 1-Me -
1.62 8 t -Bu
Compound (290c)®' n ,o ,q
S igna l 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
11.23 3 •mm CHSe 3J(w-h) = 3.85
11.12 d J ( 5 , 6 )  = 6.75 H5 t J  = 0.97
8.03 dd J ( 7 , 6 / 8 )  = 7.24J(7,6/8)  = 7.22 H7 d J  = 1.09
7.72 d J ( 8 , 7 )  = 8.56 H8 t J  = 1.117.36 t J ( 6,5+7) = 6.98 H6 d J = 1.34
2.41 8 - 1-Me -
1.63 8 - t -Bu -
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Compound (290d)®' o ,q
S ig n a l 1° S p l i t t i n g Pro ton
11.33 s CHSe
10.85 d J(5 ,6)  = 6 .84 H57.78 d J ( 7 ,6 )  = 8.30 H7
7.24 t (v) H6
6.71 s - HI2.62 s - 8-Me
1.52 s t-Bu
Compound (290d)®' n , o ,q
S igna l 1° S p l i t t i n g Pro ton 2^ S p l i t t i n g
11.30 s «• CHSe 3J(w-h) = 4.19
10.86 d J ( 5 , 6 )  = 6.80 H5 d J  = 0.697.78 d J ( 7 , 6 )  = 7 .30 H7 t J  = 0.93
7.26 t J( 6,5+7) = 7.04 H6
6.72 s — HI -
2.63 s - 8-Me
1.53 s t-Bu
Compound ( 2 9 0 f ) ^ ’n , o ,q
S igna l 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
11.10 s CHSe 3J(w-h) = 3.84
10.86 d J ( 4 , 5 )  = 6.74 H4 d J  = 0.80
7.72 d J ( 6 , 5 )  = 7.26 H6 d J  = 0.97
7.26 t J (5 ,4+6)  = 6 .99 H5 -
3.03 t J ( 7 / 9 , 8 )  = 6.24 H7/9 -3.01 t J ( 7 / 9 , 8 )  = 6.11 H7/9 “
2.03 qn J (8 ,7+ 9)  = 6 .24 H8 -
1.60 s - t -Bu -
-  224
Compound ( 2 9 0 j )® '" ^ ° 'S
S ignal 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
10.88 d J ( 5 , 6 )  = 6 .79 H5 t J  = 1.02
10.72 s - CHSe - 3J(w-h) z 4.25
8.01 dd J ( 7 , 6 / 8 )  = 7.26
JC7 .6 /8)  = 7 .24 H7 d J  z 1.15
7.65 d J ( 8 , 7 )  = 8.51 H8 t J  z 1.10
7.33 t J (6 ,5+7)  = 6.96 H6 d J  z 1.312.32 s - 1Me/2Me d J  z 0.40
2.20 3 1Me/2Me d J  z 0.53
ComDounda ProDos.ed To Be 3-(  I n d o l i z i n - 3 - v l  )-2 .5 -d ih v d ro -
2 - s e l e n o f  o rm vl -1.. 2 , 4 - s e l e n a d i a z o l e - •5-8elones (315)
Compound (315a ) l , n , 0, q
Signa l 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
10.12 d J ( 5 , 6 )  = 6 .94 H5 -
8.70 s - CHSe -
7.39 br (u) H8 t J  z 0.837.08 d J ( 6 , 5 )  = 6.95 H6 d J z 1.78
6.59 s - HI -
2.50 -  2.49 8 2Me+7Me (u) ( v)
Compound (315b)l ,o,q
Signal 1° S p l i t t i n g  Pro ton 2° S p l i t t i n g
10.27 d J ( 5 , 6 )  = 7.32 H5 -
9.02 8 - CHSe -
7.41 8 - H8 -
7.10 d J ( 6 ,5 ) = 6.84 H6 d J  z 1.46
6.63 8 - HI -2.48 8 - 7-Me “■
1.52 8 - t -Bu d J z 0.98
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Compound (315b) ! ' n , o ,q
S igna l 1° S p l i t t i n g Pro ton 2 ° S p l i t t i n g
10.28 d J ( 5 , 6 )  = 6.93 H5
9.01 s - CHSe •m
7.42 s - H8 (u) (v)
7.11 d J ( 6 , 5 )  = 7.03 H6 d J  = 1.84
6.64 8 HI -
2.50 8 - 7-Me -
1.54 8 t -Bu
Compound (3150)1 ' o ,q
S igna l 1° S p l i t t i n g Pro ton
( t ) ? ? H5
9.23 8 - CHSe
( t ) ? ? H7
( t ) ? ? H8
( t ) ? ? H6
2.45 8 - 1-Me
1.66 8 t-Bu
Compound (3150)1’n , o ,q
S igna l 1° S p l i t t i n g Pro ton 2^ S p l i t t i n g
10.55 d J( 5 ,6 ) = 6 .84 H5 -
9.21 3 - CHSe -
7.74 dd ( v) H7 d (v)
7.66 d J ( 8 , 7 )  = 8 .43 H8 t (v)
7.29 t J (6 ,5+7) = 6.91 H6 d ( v)2.46 8 - 1-Me —
1.66 8 t -Bu
Compound (3 1 5 d ) l ' o ,q
S igna l 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
10.28 d J ( 5 , 6 )  = 6.35 H5 mm
9.15 3 - CHSe mm
7.48 d J ( 7 ,6 )  = 7.08 H7 (u) (v)
7.16 dd J( 6 ,5 )  = 6 .8 3
J ( 6 , 7 )  = 7 .08 H6 —
6.73 8 - HI d J = 0 .7 3
2.55 8 - 8-Me —
1.55 8 - t -Bu -
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Compound ( 3 1 5 d ) l ' n , o , q
S igna l 1° S p l i t t i n g Pro ton 2° S p l i t t i n g
10.28 d J ( 5 , 6 )  = 7.07 H5 _
9.14 s - CHSe -
7.49 d J ( 7 , 6 )  = 7.25 H7 (u) (v)7.18 dd J( 6 ,5 /7 )  = 7.04
J ( 6 , 5 / 7 )  = 7 .07 H6 -6.74 3 - HI -
2.56 8 - 8 “Me -
1.57 8 t-Bu
Compound (315f)“ ' n , o ,q
S igna l 1° S p l i t t i n g Pro ton 2 ° S p l i t t i n g
10.22 d J ( 4 , 5 )  = 6 .84 H4
9.10 8 - CHSe -
7 .44 d J ( 6 , 5 )  = 7 .19 H6 d J  = 1.00
7.19 dd J ( 5 , 4 / 6 )  = 6.97
J ( 5 , 4 / 6 )  = 7 .02 H5 -
3.09 t J ( 7 / 9 , 8 )  = 6.22 H7/9 ~2.94 t J ( 7 / 9 , 8 )  = 6 .08 H7/9 mm2.04 qn J (8 ,7+ 9)  = 6 .17 H8 -
1.63 8 t-Bu
Compound(315j)l’” ,o ,q
S igna l 1° S p l i t t i n g  Pro ton 2° S p l i t t i n g
10.33 d J ( 5 , 6 )  = 6.75 H5 t ( v)
8.77 8 - CHSe -
7.72 dd J ( 7 ,6 /8 )  = 7 .12
J ( 7 , 6 / 8 )  = 7.16 H7 d ( v)7.60 d J ( 8 , 7 )  = 8.55 H8 (u) ( v)7.26 dd J( 6 ,5 /7 )  = 6.91
J ( 6 , 5 / 7 )  = 6 .98 H6 d (v)
2.45 8 - 1Me/2Me
2.25 8 - 1Me/2Me -
-  227 -
-  R efer  t o  diagrams a ) , b ) , . . . ,m). 
n -  Bruker WH360 S pec t rom ete r ,  
o -  D eu te ra ted  d ich iorome thane ,  
p -  D eu te ra ted  d im e thyIsu lphox ide ,  
q -  S a t u r a t e d  s o l u t i o n  <0.4 M.
r  -  Contaminated w i th  4 ,5-dihydro-3E.-[  1, 2 ] d i t h i o l o [ 4 , 5  , l - k l ] -  
[ 1 , 2 ] b e n z o d i t h i o l e - 7 a - a 4  (283d).  
s -  Spectrum ob ta ined  f o r  a u t h e n t i f i c a t i o n  purposes .
( t )  -  S igna l  no t  observed .
(u)  -  I n s u f f i c i e n t l y  r e s o lv e d  t o  a s c e r t a i n  th e  degree  of s p l i t t i n g ,  
(v)  -  Coupling c o n s ta n t  u n o b ta in a b le .
APPENDIX 2
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13 ,C. Nmr., Data
Chemical s h i f t  d a t a  a r e  g iv e n  as 6 va lues  in  ppn downfie ld from 
the  t e t r a m e t h y l s i l a n e  s i g n a l .  Unless  o therwise  s t a t e d ,  s p e c t r a  were 
ob ta ined  us ing a V a r ian  CFT20 s p e c t ro m e te r ,  samples were d i s s o lv e d  i n  
d e u t e r a t e d  t r i c h io ro m e th a n e  and s o l u t i o n  s t r e n g t h s  were 2 .0  M. ^ 
coupl ing  c o n s t a n t s  a re  g iv e n  i n  Hz where ob t a ined .  Assignments r e f e r  
t o  diagrams g iv e n  in  Appendix 1.
Miscellane.Qus, CoDip.oiW .s.
P
Signa l
116,74
54.51
Compound (262) 
1 ,
"C-H
143.7
Carbon
SeCN
N-Me4
Compound (293)^
Signa l ^C-H Carbon
190.01 177.6 CHSe
47.39 ( s ) ?-Me
40.10 ( s ) ?-Me
Compound (295) Compound (294)
Signal C-H Carbon
187.64 ( t ) CHS
45.23 ( t ) ?-Me
37.03 ( t ) ?-Me
Compound (2 96)* 'S
S ig n a l C-H Carbon
247.73 - C3
197.34 - C5
139.63 ( t ) C4
133.69 - 5-Ph
131.78 ( t ) 5-Ph
129.48 ( t ) 5-Ph
127.02 ( t ) 5-Ph
Signal ^C-H Carbo
162.71 ( t ) CHO
35.99 ( t ) ?-Me
30.91 ( t ) ?-Me
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Pvridinlum__Br_onilde S a l t s  (277)
Compound (277d)^ ’ ^ Canpound ( 2 7 7 e )^ '^
Signa l C-H Carbon Signa l ^C-H Carbon
206.90 — C=0 206.48 - C=0
154.92 - C2 162.29 - C7a
146.20 170.9 C4/6 144.99 — C4a
144.25 ( s ) C4/6 143.86 188.5 C2/4
138.22 - C3 141.15 169.0 C2/4
124.41 178.4 C5 125.48 173.8 C363.98 144.8 1-CHg 64.63 143.5 l-CHg
43.15 - But(Q) 43.90 - But(Q)
25.57 127.1 But(Me3) 32.29 ~140 C5/7
19.25 (s ) 2Me/3Me 31.19 ~140 C5/716.66 130.6 2Me/3Me 26.26
22.35
127.7( s ) But(Me3)C6
Compound ( 2 7 7 f ) ^ ' ^ Compound (277g)^ ’^
S ignal ^C-H Carbon Signal Carbon
206.88 - C=0 206.98 _ C=0
154.67 - C8a 160.98 - C9a
146.00 170.3 C2/4 145.52 164.0 C2/4
145.56 ( s ) C2/4 145.23 ( s ) C2/4
139.16 - C4a 144.64 - C4a
124.39 175.1 C3 125.00 174.7 C363.78 142.5 I-CH2 65.24 144.3 I-CH243 .94 - But(Q) 43 .88 - But(Q)
28.90 ( s ) C5/8 34.90 ( s ) C 5 /6 /7 /8 /9
27 .13 ( s ) C5/8 31.49 ( s ) C 5 /6 /7 /8 /9
26 .35 127.8 But(Me3) 30.82 ( s ) C 5 /6 /7 /8 /921 .3 9 ~140 C6/7 26.28 127.8 But(Me3)
20.53 ~140 C6/7 25.76
24.61
( s )
( s ) C 5 /6 /7 /8 /9C 5 /6 /7 /8 /9
.iûd.Qlizl,ne.g. (28.01
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Compound (280d)®’^
S igna l ^C-H Carbon
140.49 — C2/8 /8a
133.66 - C2/8/8a
127.50 - C2/8/8a
122.87 ( s ) C5115.80 161.1 C7
109.62 162.4 C3
108.89 ~185 C6
95.00 165.2 Cl
31.95 125.4 But(Me3)31.01 - But(Q)
18.01 127.1 8-Me
Compound ( 2 8 0 f ) h ,q
Signal ^C-H Carbon
( r ) ( s ) ?
( r ) ( s ) ?
136.05 ( s ) ?
129.96 ( s ) ?
121.66 177.4 C4/6
110.08 160.6 C5
107.82 mm C9a
107.38 184.2 C2
31.83 mm But(Q)
30.91 125.3 But(Me3)
27.77 ( s ) C7/8/9
24.45 ( s ) C7/8/9
23.85 ( s ) C7/8/9
Compound (280g)
S ig n a l I j^ C-H Carbon
137.15 ? ?
136.13 ? ?
133.83 ? ?
122.71 176.0 C2/4 /5 /6114.22 168.7 C2/4 /5 /6
112.51 ? ?
108.91 174.1 C2/4 /5 /6105.21 ? ?
34.78 ( s ) C7/8 /9 /10
31.69 - But(Q)30.90 125.3 But(Me3)
29.25 (s ) C7/8 /9 /10
27.49 ( s ) C7/8 /9 /10
27.03 (s ) C 7 /8 /9/10
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In d o l i z  ine-3-,Q.arbaldehvdes .(.2751
Compound (2?6a)® Compound (2?6b )
Signal 1j C-H Carbon Signa l ^C-H Carbon
174.46 169.6 CHO 176.47 170.8 CHO
139.03 - C2 151.84 - C2
137.94 - C8a 138.14 - C8a
136.16 - C7 136.17 - C7
127.69 188.6 C5 128.44 188.9 05
120.88- - C3 120.14 mm C3
116.26 ( s ) C6/8 116.62 160.3 C6/8
115.62 ( s ) C6/8 116.16 161.8 C6/8
103.23 176.9 Cl 100.89 173.1 Cl
21 .23 127.4 7-Me 32 .93 127.0 But (Me:
11.45 127.8 2-Me 32.51
21.17 127.4
But(Q)
7-Me
Compound ( 2 7 6 g ) ® Compound (276d)®
Signa l C-H Carbon Signal ' V h Carbon
178.13 172.9 CHO 177.28 171.5 CHO
145.88 - C2 151.04 - 02
137.77 - C8a 137.95 - 08 a
128.72 189.5 C5 126.98 - 08
124.25 163.7 C7 126.77 191.8 05
121.09 - C3 124.42 168.1 07
115.79 164.5 08 120.89 - C3
113.60 166.6 06 113.80 165.7 06
109.42 - Cl 100.14 172.8 Cl
34.84 - But(Q) 33.01 126.0 But(Me3)
33.96 126.1 But(Me3) 32.52 - But(Q)11.81 127.1 1-Me 17.82 127.7 8-Me
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Compound ( 2 7 6 f ) ^ ' ^ Compound (27 6 g )^ '^
Signa l ^C-H Carbon Signa l ^C-H Carbon
178.09 172.9 CHO 178.53 174.3 CHO
144.12 mm Cl 144.64 - Cl
136.82 mm C9b 139.05 - ClOb129.62 - C6a 133.82 - C6a
126.54 186.3 C4 126.76 190.0 C4
121.53 - C2 122.95 162.4 C6
120.38 162.9 C6 121.04 - C2
114.25 163.1 C5 118.17 ClOa
111.97 C9a 113.53 165.9 C534.92 - But(Q) 34.73 - But(Q)
33.96 126.1 But(Me3) 33.75 126.1 But(Me3)
27.62 Cs) C7/8/9 30.88 ( s ) C 7 /8 /9/10
25.50 (s ) C7/8/9 27.21 ~130 C7/8/9 /10
23.60 (s ) C7/8/9 • 26 .32 
23.90
~130
126.4
C7/8/9 /10
C7/8/9 /10
Compound (276h)®’^ Compound (2 7 6 1 )®'%
Signa l ^C-H Carbon Signal C-H Carbon
175.23 170.5 CHO 177.32 171.6 CHO
138.46 - C2/8a 151.53 - C2137.64 - 0 2 / 8a 137.66 C8a
128.16 188.6 C5 129.04 189.1 C5
125.01 165.2 C7 125.00 165.3 C7
121.17 C3 ( r ) - C3117.56 166.4 C8 117.94 166.1 C8
113.23 165.5 C6 113.81 167.9 06
104.20 174.4 Cl 101.83 173.6 Cl
11.45 127.6 2-Me 33.01
32.57
126.0 But(Me: 
But(Q)
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Compound (2?6j)® Compound (276k)®
S igna l ^C-H Carbon Signa l ^C-H Carbon
174.64 170.3 CHO 174.92 169.9 CHO
137.35 - 08 a 137.29 mm 02/8 a
134.79 - 02 137.07 - C2/8a128.08 188.3 05 128.01 162.5 07
124.19 165.3 07 126.32 186.5 05
120.51 - 03 123.08 - 06115.74 163.9 08 121.01 - 03
112.95 170.1 06 116.90 166.0 08
110.66 - Cl 103.96 173.3 01
9.03 126.6 1Me/2Me 18.23 127.6 6-Me
7.93 127.4 1Me/2Me 11.46 127.8 2-Me
Compound (2761)®
S ig n a l ^C-H Carbon
175.31 170.3 CHO
138.96 - 02
137.21 - 08 a
126.70 08
126.04 187.8 05
124.37 161.9 07
121.63 - 03
113.31 166.3 C6
102.67 173.7 0117.80 ( s ) 8-Me
11.50 ( s ) 2-Me
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In d o l i z  j j ie-_3-earbothialdehvdes..  .(.2.82)..
Compound (287o)®*% Compound (2 8 7 c )® '
S igna l I j^ C-H Carbon Signal I j^ C-H
186.15 162.0 CHS 187.12 162.1
145.56 - C2 145.77 -
142.06 - C3/8a 142.31
133.84 •M C3/8a 134.16 —
129.29 166.3 C7 129.45 ( s )
127.89 183.2 C5 127.97 ( s )116.20 166.6 C6/8 116,49 166.3
116.08 166.1 C6/8 116.49 166.3
113.06 - Cl 113.42 -
35.27 - But(Q) 35.58 -
33.68 126.6 But(Me3) 33.80 126.4
11.95 127.5 1 -Me 12.09 127.5
Carbon
CHS
C2
C3/8a
C3/8a
C7
C5
C6/8
C6/8
Cl
But(Q)
But(Me3)
1-Me
Signa l
182.29
141.50
135.23
134.14
129.00
127.54
115.89115.52
114.00
1 0 . 1 0
8.43
Compound (287j ) ® '^  
1 ,
Compound ( 2 8 7 j ) ® ' ° ' ^
C-H
161.3
166.2
188.7
167. 0
1 6 7 . 6
127.4
127.1
Carbon
CHS
C2/3 /8a
C2/3/8a
C2/3 /8a
C7
C5
C6/8
C6/8
Cl
1Me/2Me
1Me/2Me
Signa l
183.54
( r )
135.65
134.56
129.19127.80
116.36
115.87
114.32
10.28
8.53
"C-H
161.5
166.3 188.6
166.4
165.7
127.7 127.0
Carbon
CHS
C2/3/8a
C2/3 /8a
C2/3 /8a
C7
C5
C6/8
C6/8
Cl
1Me/2Me
1Me/2Me
-  235 -
In d o l i z  ine-3--Qar-bQselenal dehYde g.. .(2.85.1
Compound (285 a)®'%
S igna l C-H Carbon
177.51 162.7 CHSe
143.78 — C3/7
143.34 - C3/7
140.48 - C2
139.29 - C8a
126.43 166.6 C5118.48 (s ) C6/8
117.75 (s ) C6/8
107.82 170.8 Cl
22.36 126.2 7-Me
13.29 127.9 2-Me
Compound (285 a ) g , o , q
Signa l C-H Carbon
177.85 ( t ) CHSe
144.17 - C3/7
143.95 - C3/7140.82 - C2
139.71 - C8a
126.53 ( t ) C5118.81 ( t ) C6/8
118.16 ( t ) C6/8
108.16 ( t ) Cl
22.48 ( t ) 7-Me
13.45 ( t ) 2-Me
S igna l
179.35
152.07
143.60
143.00
139.00 
126.91 
118.82 
118.01 
106.25
33.38
31.82
22.31
Compound (285b)®'% 
1 .
"C-H
1 6 2 . 6
165.8
( s )
( s )
174.5
126.3
( s )
Carbon
CHSe
C2
C3/7
C3/7C8a
C5
C6/8
C6/8
Cl
But(Q)
But(Me3)
7-Me
S igna l
179.61
151.78
143.86
142.95
138.98
126.54
118.91
118.29
106.5333.46
31.83
22.42
Compound (285b)®' 
1 ,
"C-H
163.8
188.0
168.0
165.4
175.8
126.4
126.8
Carbon
CHSe
C2
C3/7
C3/7
C8a
C5
C6/8
C6/8
Cl
But(Q)
But(Me3)
7-Me
-  236 -
Compound (285c)®’% Compound (285o)®'^'%
Signa l '^C-H Carbon S igna l ^C-H Carbon
181.16 163.0 CHSe 181.31 ( t ) CHSe
145.48 - C2 ( r ) - C2
( r ) - C3 ( r ) PM C3
139.27 - C8a ( r ) - C8a
131.08 167.2 C7 131.48 ( t ) 07
126.69 ( s ) C5 126.73 ( t ) C5
117.13 ( s ) C6/8 117.43 ( t ) C6/8
116.74 166.4 C6/8 117.15 ( t ) C6/8
114.49 - Cl 115.00 M Cl
35.72 But(Q) 35.96 - But(Q)
33.51 126.5 But(Me3) 33.54 ( t ) But (Me:
11.97 127.9 1 -Me 12.06 ( t ) 1-Me
Compound (285d)®’% Compound (285f)^ '%
Signa l C-H Carbon Signa l ^C-H Carbon
182.57 162.8 CHSe 179.41 162.8 CHSe
150.88 - C2 143.15 - Cl
142.05 •P. C3 141.98 - C2
139.39 C8a 139.69 - C9b
130.96 163.3 C7 130.75 - 06 a128.00 mm C8 128.29 163.5 06
124.75 188.5 C5 124.82 190.0 04
116.75 167.9 06 117.32 167.2 05
104.91 174.6 Cl 116.81 - 09 a
33.36 mm But(Q) 35.57 - But(Q)
31.88 126.3 But(Me3) 33.22 126.1 But(Me3)
17.71 128.5 8-Me 27.1225.34
23.16
( s )
(8)
( s )
07 /8 /9
0 7 /8 /9
07 /8 /9
-  237 -
Signa l
176.79
143.16
139.99135.36
130.94
126.46
116.61
116.61
115.51
10.73
8.59
Compound (285 j )® '^  
1 ,
"C-H
162.5
166.7
185.0
167.2
167.2
128.0
127.6
Carbon
CHSe
C3
C8a
C2
C7
C5
C6/8
C6/8
Cl
1Me/2Me
1Me/2Me
S igna l
178.34 
( r )  
( r )  
( r )  
131.04 
126.59 117.08 
116.87 
( r )  
10 .90  
8.63
Compound ( 2 8 5 j ) ^ ’ ° ' ^  
1 ,
"C-H
( t )
( t )
( t )
( t )
( t )
( t )  
( t )
Carbon
CHSe
C3
C8a
C2
07
05
06/8
06/8
01
1Me/2Me
1Me/2Me
PentaQarb.anylLIjidQllziner3.r:.QarbQ.s.el.erialdehy.de-Sel=. 
tonga-t,eji( ..Q.), Complexe s. ,( 2.90, )
Compound (290a )® '^ ' ° '% Compound ( 290b) ®’ %
S igna l 1 T C-H Carbon Signal ^C-H Carbon
202.81 -  (u) Ax C=0 202.84 -  (v) Ax C=0
199.31 -  (w) Eq C=0 199.32 -  (w) Eq C=0
170.04 ( t ) CHSe 172.29 ( t ) CHSe
147.33 - C3/7 153.19 - C2
146.59 — 03/7 147.48 - 07141.00 - C2/8a 145.81 "" 03
140.33 - C2/8a 139.21 - C8a
127.79 ( t ) 05 128.10 ( t ) 05
120.29 ( t ) C6/8 120.58 ( t ) 06/8
119.11 ( t ) 06/8 119.36 ( t ) C6/8
111.21 ( t ) Cl 109.78 ( t ) Cl
22.43 ( t ) 7-Me 33.58 - But(Q)
12.98 ( t ) 2-Me 31.60
22.37
( t )
( t )
But(Me: 
7-Me
-  2 3 8  -
S igna l
202.80
199.29
173.23
146.99
146.03 
139.61
1 3 4 . 0 7
128.03 
118.93 
118.43 
117.90
35 .7733.20
11.90
Compound ( 290c) ®’ % 
1 .
Compound (290d)' :>n,o,q
C-H
(v)
■ (w) 
( t )
( t )
( t )
( t )
( t )
( t )
( t )
Carbon
Ax C=0 
Eq C=0 
CHSe 
C2/3 
C2/3 
C8a 
C7 
C5 
C6/8 
Cl 
C6/8 
But(Q) 
But(Me3) 
1-Me
Signa l ^C-H Carbon
202 .77 -  (v) Ax C=0
199.36 -  (w) Eq C=0
176.18 ( t ) CHSe
152.34 — C2
145.21 - C3
139.94 - C8a
134.02 ( t ) C7
130.01 - C8
126.27 ( t ) C5
118.71 ( t ) C6
108.42 ( t ) Cl
33 .75 - But(Q)
31.84 ( t ) But (Me;
17.67 ( t ) 8-Me
Compound ( 2 9 0 f ) ^ ' ^ ' ° '% Compound ( 2 9 0 j ) ® ' " ^ ° ’ %
Signa l ^C-H Carbon Signa l ^C-H Carbon
202 .92 -  (v) Ax C=0 202.82 -  (v) Ax C=0
199.39 -  (w) Eq C=0 199.31 -  (x) Eq C=0
172.44 ( t ) CHSe 169.81 ( t ) CHSe
145.05 - C2 146.50 - C3
143.81 - Cl 140.72 —• C8a
140.08 - C9b 135.97 - C2
132.51 - C6a 133.92 ( t ) C7
131.35 ( t ) C6 128.12 ( t ) C5
126.23 ( t ) C4 119.27 - Cl
120.45 C9a 118.53 ( t ) C6/8
119.07 ( t ) C5 117.86 ( t ) C6/8
35 .72 - But(Q) 10.53 ( t ) 1Me/2Me
33 .00
27 .20
25.55
23.15
( t )
( t )
( t )
( t )
But(Me3)
C7/8/9
C7/8/9
C7/8/9
8.66 ( t ) 1Me/2Me
— 239 -
Compounds Proposed T.o_ Be 3 -(  In d o l i z  in-3-vl).T2,5-dihY dro.-  
B -se lenofo rm v l- l  .2 . 4 - se lenadiaz_o ie- 5 - se lo n e s  (315)
Compound ( 3 1 5 a ) l ’^ ’ ° ’% Compound ( 3 1 5 b ) l ’^ ’
S igna l C-H Carbon S igna l 1 T^C-H Carbon
203.75 — C3/5 203.55 - C3/5
195.16 - C3/5 194.52 - C3/5
146.23 - I-C 2 /7 157.42 — I-C2
146.16 ( t ) CHSe 148.18 ( t ) CHSe
146.04 I-C 2 /7 146.15 - I -C 7 /8 a
144.32 - I-C8a 145.35 - I -C ? /8 a
133.64 ( t ) I-C5 134.68 ( t ) I-C5
124.05 - I-C3 122.83 - I-C3
119.34 ( t ) I-C 6 /8 119.79 ( t ) I-C 6/8
118.31 ( t ) I-C 6 /8 118.59 ( t ) I-C 6/8111.96 ( t ) I-C1 110.13 ( t ) I-C121.96 ( t ) I-7-Me 33.42 - I-But(Q )
12.49 ( t ) I-2-Me 32.31
21.89
( t )
( t ) I-But(Me3)I-7-Me
Compound (315c) 1 ,n ,o ,q Compound ( 3 1 5 d ) l ’^ ’ ° ’%
S igna l C-H Carbon
203.52 — C3/5
194.51 - C3/5150.01 - I-C2
149.33 ( t ) CHSe146.44 - I-C8a
135.36 ( t ) I-C7
132.82 ( t ) I-C5
123.69 - I-C3
118.89 - I-C1
117.82 ( t ) I-C6/8
117.14 ( t ) I-C 6/8
35.58 - I-But(Q )
33.55 ( t ) I-But(Me3)
12.17 ( t ) I —1—Me
S igna l
204.36
195.20
156.54
149.58
144.76
1 3 2 , 6 8
132.41
129.04
122.96
117.46
108.51
33.45
32.47
17.69
^C-H Carbon
- C3/5
- C3/5
- I-C2
( t ) CHSe
- I-C8a
( t ) I -C 5 /7
( t ) I -C 5 /7
- I-C8
■M I-C3
( t ) I-C6
( t ) I-C1
( t )  
( t )
I-ButeQ)
I-But(Me3)
I-8-Me
-  240 -
Compound
S ig n a l 1 j^C-H Carbon
( r ) — C3/5
194.10 - C3/5
148.89 ( t ) CHSe147.75 - I-C1
144.75 - I-C9b
133.14 ( t ) I-C6
131.69 - I —C6a
130.22 ( t ) I-C4
124.54 - I -C 2 /9 a
121.14 - I -C 2 /9a
118.14 ( t ) I-C5
35.53 - I-But(Q )33.41 ( t ) I-But(Me3)
27.15 ( t ) I -C 7 /8 /9
25.78 ( t ) I -C 7 /8 /9
23.05 ( t ) I -C 7 /8 /9
a , b , . . . . , m  -  R efer  to  diagram s a ) , b ) , . . . , ,m) i n  Appendix 1 
n -  Bruker WH360 S p ec t ro m ete r ,  
o -  D eu te ra ted  di chi o r  c«ae th an e ,  
p -  D eu te ra ted  d im e th y lsu lp h o x id e . 
q -  S a tu ra te d  s o l u t i o n  <2.0 M.
( r )  -  S ig n a l n o t  observed.
( s )  -  Coupling c o n s ta n t  u n o b ta in a b le .
( t )  -  Coupling c o n s ta n t  no t de te rm ined .
(u) -  IJ (w -c) (A xia l)  = 163.7 Hz.
(v) -  IJ (w -c)  (A xia l)  no t observed .
(w) -  IJ (w -c)  (E q u a to r ia l )  = 127*6 Hz.
(x) -  IJ (w -c)  (E q u a to r ia l )  n o t  observed.
APPENDIX 3
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Mags S-pgjc.tr.aLL. Pa ta
The t e n  most in t e n s e  peaks a re  l i s t e d  i n  o rd e r .  A d d it io n a l  peaks 
o f  i n t e r e s t  a re  l i s t e d  where a p p ro p r ia t e .
The p a t t e r n  of peaks a r i s i n g  from one and two selenium  atoms, and 
from one tu n g s te n  atom a r e  shown below.
28.6%
30.7%
26.3%
14.3%
186 185 184 183 182 181 180
49.8%
23.5%
9.0%
7.6%
82 81 80 79 78 77 76 75 74
One Tungsten Atom One Selenium Atom
29.1%
25.1%
9.2%
5.7% .2%
0 .2 %1.4% 1.4%
0 .1% <0.05%
164 163 162 161 160 159 158 157 156 155 154 153 152 151 150 149 148
Two Selenium Atoms
-  242 -
Compound m/z RI(%)
(2 6 2 )
106
92
190
175
160
272
15.6
15.3
9.1
9.1
3.1 
0 .3
Compound m/z RI(%)
(2 7 7 d )
Compound m/z RI(%) 
(2778)
59 100.0 172 100.0 160 100.058 100.0 57 98.1 57 74.0
42 42.2 187 83.1 118 60 .4
121 35.9 107 69.2 217 58 .3
119 28.1 41 69.2 44 58 .3
93 28.1 106 46 .2 41 31.280 28.1 39 34.6 43 27.1
120 25.0 131 26.9 55 26.0
118 25.0 85 26.9 117 25.0
43 25.0 65 22.7 132 22.941 25.0 119 22.9
148
205
120
18.1
5 .4
5 .4
(277f)
m/z RI(%) Compound m/z RI(%) Compound m/z RI(%)
(2778) (280d)
57 100.0 227 100.0 173 100.0
213 96.8 57 86.1 188 68.4
43 65.3 199 52.8 131 21.141 64.2 118 38.9 174 13.7
55 63.2 41 38.9 145 10.5
198 56.8 226 33.3 72 10.0
71 54.7 212 33.3 130 8 .9
69 52.6 147 32.8 • 157 8 .7
91 44.2 146 26.7 189 8 .3
75 44.2 184 26.1 144 7 .9
170 12.2 187 6 .3
-  243
(280f)
m/z RI(%)
213 100.0198 90.0
212 88.3
214 40.0
156 40.0
199 26.7
170 26.7
196 26.0
182 23.3
154 22.785 22.7
171 20.3
183 19.7
99 17.0
(280g)
m/z RI(%) Compound
(276b)
m/z m % )
199 100.0 215 100.0
227 93.1 200 100.0168 74.1 145 65.6
154 72.4 173 54.0184 69.0 44 37.9
41 55.2 144 31.0
39 55.2 198 27.6
170 48.3 131 27.6
167 44.8 216 21.8212 43.1 172 20 .7
157 18.4
214 17.2
201 17.2
(276c)
m/z m % ) Compound m/z RI(%) Compound m/z m % )
(276d) (276f)
215 100.0 215 100.0 241 100.0
200 67.8 200 100.0 44 100.0
145 46.7 145 69.0 57 81 .5198 40.0 44 68.0 226 79.6
173 38.9 75 58.0 55 59 .3172 38.9 173 56 .0 171 55.6
144 38.9 144 41 .0 43 55.6
216 21.7 131 38.0 199 51.9156 20.0 198 29.0 198 48.1
130 20.0 172 28.5 71 48.141 48.1
214 15.6 216 21.0 213 22.2
214 15.0 212 18.5
-  244 -
(276g)
m/z m % ) Compound
(282a)
m/z RK3S)
255 100.0 44 100.0
212 54.1 40 82.3240 42.2 51 35.5
185 38.4 121 34.7213 28.6 39 28.2184 28.6 69 28.2
238 28.1 77 22.6
57 23.8 283_ 20.244 22.7 284 18.5
256 20.0 203 17.7
254 19.5 204 12.956 12.4 285 11.3
226 11.9 207^ 11.3198 11.4 282 9.7
227 10.8 205, 8.1
257 2 .2 286 6.5
(282b)
m/z RI(%)
41 100.0
45 72.5
39 70.0
207 60.3125 52.5184 5 0 .8
69 50 .0
159 36,7
205 33.3
169 33.3
51 25.0264^ 22.5
Compound m/z RI(5&) 
(282c)
Compound m/z RI(%)
(282d)b
Compound m/z RI(%) 
(285a)
121 100.0 45 100.0 91 100.0298^ 28.8 167^ 72.5 236 25.639 27.9 200 57.1 114 22.8
45 27.5 69 45.0 157 21.7
77 26.7 39 41.7 41 19.4
69 19.2 199 27.5 43_ 18.9217 18.3 134 27.5 237^ 16.951 18.3 248 24.2 234^ 16.744 17.9 153 17.9 65 15.6
283 15.8 71 17.5 92 12.8
39 12.8
296^ 12.5 91 17.1 235^ 12.2
297 11.3 51 17.1 233 8.9
295 10.4 215 12.1 144 7 .2
218 9.6 238 6.1294 7.1 232 5.6300^ 6.3 239 3.9
299 5 .8
Contaminated w i th 4 ,5 -d ih y d ro -3 H -[1, 2 ] d i t h i o l o [ 4 ,5
[ 1 ,2 ] b e n z o d i th io le - 7 a -^  (283d)
-  245 -
Compound m/z RI(3&)
(285b )
44 100.0
41 61.0
57 49.2
43 46.2
215 39.8
99 38.1
200 31.8
39 31.8
105 31.4
77 31.4
279^ 23.7
277. 15.3276 13.6
264 8.5
275^ 6 .8
281 4 .2
(285c)
m/z RI(^) Compound m/z RI(%)
(288c)
278 100.0 170 100.0
279 91.3 187 95.1
44 82.6 78 52 .2
198 62.0 105 34.3276^ 60.9 91 32.4
183 58.7 186 25.9168 54.3 157 23.5184 47.8 57 21 .9
277 45.7 144 19.5
182 42.4 77 18.1
275^ 32.6 131 17.8
280 30.4 130 17.3274 19.6 188 12.4
281^ 17.4 201 4.1
264 9.8
(285d)
m/z RI(^) Compound m/z RI(^) Compound m/z
(285f) (285g)279a 100.0 305a 100.0 100.0
278 91 .7 304 92.2 319^ 75 .8
276 74.1 302 56.9 316 58.1
198 74.1 224 52.9 238 56.5
277 73.1 303 49 .0 5 7 , 45.2
184 71 .3 306 34 .3 317 40.364.8 210 33 .3 43 35.5
275 63 .9 '301 31.4 41 35.5
168 6 3 .9 209 25 .5 320 30.6182 62.0 208 22.5 315 30 .6
56 30 .6
280 60.2 307^ 20.6 314 19.4
281 39 .8 300 17.6 239_ 19.4
236 38 .9 321 14.5
274 3 3 .8
264 32.4
(2 9 0 a )
246 -
m/z m % ) Compound m/z
(290b)
145 100.0 172 100.0
144 94 .7 186 92.3268'^ 6 8 .4 201 76 .9
270 61.1 187. 76.9
266 60.0 268° 56.2
26 7 _ 3 3 .7 270 53.1352 32.6 266 47 .7
354 28.4 145 30.0
240° 28.4 131. 30.0
212 28.4 212 2 9 .2
296° 2 3 .2 352° 26 .9
184° 23 .2 240 26 .2
324° 4 .7 184° 25 .4
157. 22 .3
296° 20.0
399. 13.8324 3 .8
Compound m/z RI(^) 
(290c)
268° 100.0
270 95.0
266^ 88.0
212 52.0
267 50.0
214 50.0
240 48.0
210 47 .0
352 45 .0
242 45.0
186^ 42.5
184° 41.0
201 35.0
296 32.5
187 25 .0
172 23.0
324 8 .0
Compound m/z RI(^) Compound m/z RI($6) Compound m/z HI ($5)
(290d) (290f) (290 j)
186
201
268'
270
266
187
172
267
2 1 2 '
214
240'
352'
184'
145^
296
131
399,324
100.0
78 .0
67.0
60 .0
57.0
36 .0  
36.0
33.0
33.0 
30.5
30.0
28.0 
27.0 
23.0 
22.0
14.0
11 .0  
5.0
227.
212
213
226
198
268 '
270
170
43
266
184'^
: : :
296'^
100.0  
81 .0
53.3 
41 .0
32.4
29.5
27.6  
27.6
25.7
24.8
16.2
14.8
14.3
13.3 
10.5
7.6
2 .9
158
2 6 8 '
270
159
266
144 
267, 352
21 2 '
145
240'
44
184'
296'
324
100.0
74.5
69.1 
6 7 . 3
64.5 
60 .0
38.2
3 3 . 6
33.6
32 .7
31.8
30 .9
25 .5
23 .6  
7 .3
-  247 -
(2 9 3 )
m/z m % ) Compound m/z RI(56) Compound m/z RI($)
(296) (299)
4 4 , 100.0 145 100.0 43 100.0
137 82.6 102^ 36.7 44 16.1
42 59.4 258^ 28.8 140 13.7
135^ 40.6 146 21.3 39 11.3
133^ 15.4 51 16.3 41 8.1
139^ 13.5 15.4 95 7 .3134^ 12.8 256°- 14.6 69 7 .3
93 12.0 121 14.2 57 7 .341 10.1 77 14.2 53 7 .3
43 8.3 210 12.1 45 7 .3
122 4.3 260^ 7.5 188^ 1.692 4.2 44 7.5 186^ 1.1
80 4.1 255^ 5.8 185^ 0 .9
57 4.1 254 5 .8 190^ 0 .8
56 4.1 184 0 .7
(299)'
m/z Ri(se) Compound m/z RI($) Compound m/z RI($)
(312)® (315a)
43 100.0 91 . 100.0 41 100.0
57 29.1 180 84.0 40 45.8
108, 17.1 179,, 84.0 172 3 0 .8188^ 16.5 268 73.3 57 27.5
71 14.9 270 65.3 44 27.5
39 13.5 266 61.3 170 2 6 .7
41 12.4 178 60.7 43 2 6 .2
55 10.7 165 44.0 39 17.5
65 10.0 78 42.0 168 1 6 .2
186 8.7 212 38.7 56 15.0
216^ 7 .3 240° 36.0 236 6 .7
184 3.6 .352° 32.0 237 4 .6
185^ 3.5 184° 32.0 234 4 .2
190^ 3.3 296° 25.3
217 1.5 324° 6.7
215 1.5
d “ Contaminated w i th  2 , 2 ’ , 6 , 6 ’- t e t r a m e t h y l - 4 , 4 ’-b ip y ra n y l id e n e  (310) 
e -  Contaminated w i th  1 , 1 ’- b i c y c lo h e p t a t r i e n y l id e n e  (313)
-  248 -
(315b)
m/z
279 100.0198 100.0
278 83.3
184 68.341 66.7
276 56.7
183 56.7
231 55.8
36 54.2
277 53.3
476
398
318
2.5  
1.2 
1.2
Compound m/z RI(^) 
(315f)
49 100.0252 97.6
41 97.6
172 96.0
170 92.0
84 80.0
210 64.0
251 60.8
168 50.4
86 47.2
224 38.4
238 33.6
305 25.6
195 25.6
182 16.8
448 8.0
418 3.6
476 2.0
502 0.4
(315c)
(3 1 5 j)
m/z RI(^)
278 100.0
279 95.2
44 71.4
276 61.9
172 61.9
198 52.4
170 52.4
277 47.6
184 47.6
226 42.9
57 42.9
398 33.3476 4.8
m/z RI(%)
44 100.0
236 42.6
156 36.2
237 29.8234 29.8
57 29.8154 27.778 27.7
198 21.3
188 21.3
77 21.3
55 21.3
43 21.3
261 11.7
324 10.6
339 8.5
354 2.1
Compound m/z RI(^) 
(315d)
184 100.0
172 67.1170 61.8
168 48 .7
183 40.8
44 40 .8
226 38.2
279 35.5
198 35.5
160 31.6
278 28 .9
57 23.7398 3 .9
476 2 .0
a -  M olecu lar ion  peaks a r i s i n g  from selenium  is o to p e s ,  
b -  Contaminated w i th  4 ,5-dihydro~3H.-[ 1, 2 ] d i t h i o l o [ 4 , 5 , 1~ iii]-  
[ 1,2 ]b e n z o d i th io le -7 a -^ '^  (283d). 
c -  C onta ins th e  tu n g s te n  i s o to p e  184.
d -  Contaminated w i th  2 , 2 ’ , 6 , 6 ' - t e t r a m e t h y l - 4 , 4 ’-b ip y ra n y l id e n e  (3 1 0 ) .  
e -  Contaminated w i th  1 , 1 ’- b i c y c lo h e p t a t r i e n y l id e n e  (313)»
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